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Diagi'am sbowiug a new scheme of classificatiou, iKloptotl in this mouograph,

of the geuera aud families of tlie so-called scombroid fishes foimd in Japmese

wateis, and theii" probable relations with each other.
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Introduction.

Japuiese nntunilist? of oldeii tinK-s, snch iis Ekikkn Kaidaua (38), .Tyi'dki

KuRODA (50), aud Shyusaku Takei (73), HiTiuu-atl tho stiombroid fishc« in tour

groups : —mackerels, seerfislies, tiiuuit«, and bonib». Tlumgli these authors did

not rueutiou the goneral characters of these gi-onps, I do uot hesifcxte t ) say

that their <il)seiTations were keen and accurate.

In the Occident, Linnaeus and liis followers grouped the scombi-oid fishes

in a siiigle genus Scomber without f)rdor; hut in 1829 CnviEii founded a new

classification, and {irrauged the scombrc^id fishes (Ics Scfjiubms) in eight genera :

—

Scomber, Thynnus, Orcynvs, Auxis, Sanla, Cybium, Thryatcs, and Gempyles.

This S3-stem has been followed bj- sucx;eeding authoi^, though more or less

altered by them. Thus at present tunnies and tonitos ai« classified with

seerfislies and mackerels tDgether in rmo and the same fcimily, Scombridae, and

even many recent investigators who have the tendency of di\nding old families

into many new ones have not yet touched this family. HEGAN (62) observed

that the definition of the fanoily Scombridse is not satisfactory, and the natural

aflSuitire of diflerent genera are Httle erjilained. Recently Starks (69) tried

tD solve the mutual rektiouship of scombroid fishes fi'om the study of the

skeleton, and published valuable results.

The scombroid fishes ax& of great consequence in the economy of om"

coimtiy, ranking nest in impoitance to the clupeoid fishes. Tlieir annual catch

a uounts to ca. 150,000,000 kg. in weight, and 25,000,000 yen in value. These

figures are bsised on statistical reports from the government, and I Ijelievo that

they ai'e much imderesti mated. Of cora'se the amount of catch fluctuates

j-eaaly ; but there is a tendency to gi'adual increase, as tlie fishing gi'oimds ju^e

more and more extended. Tliough these fshes ai-e caught nearly in every

part of our empire, and the whole year round, they are more abimd;int in

southern piu-ts, and more on the Pacific coasts than on the Japan Sea

coasts. Recently Jajaanese fishermen have begun to catch tivnuies and bonitos

in great abundance in the Hawaiian waters iuid in South Cahfomia.

The scombroid fishes ai-e mostly migratory, swim near the surfiice of the sea,

and ai'e very widely disüibuted. They form Lu'ge schools, grow very rapidly,

mostly attaining a gigantic size, and furnish a rich, palatable, nutriciou? food.
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I Ijegfin the investigation of the scombroid fishes in 1911, tind since then

I have devoted my time chiefly to this study. As the result of the investi-

gation, tunnies and banitos -were found to be the most specialized forms of the

Ijouy £shcs nith many distinctive cbai'acters, hitheiio unknown to science. The

results have from time to time been reported in Japanese in the "Suisau

Gakkwai Ho " (Proceedings of the Scientific Fishery Association).

The materials for the present study were chiefly collected at our laboratory

from the fish-mai'kets of Tokyo, and a part from Viuious localities by the. author

liimself, and through the courtesies of institutions and private pereons. The

author wishes to acknowledge with thanks the kind assistance of Messrs. Seizö

Adachi, Yeiji Akiyama, Takeo Aoki, Hikotaeö Asano, Koichi Kamei, NraEi

Matsuno, the late Kötabö Mayeda, Tözö Nakajima, Seishi Okada, Naotabö

Ota, Yasuji Ohta, Katsuya Tago, Kiyotomo Tashiro, Seijikö Tomixaga,

YöJiEÖ Wakiya, Kjchit.\eö Yamada &c., Ijesides many' friends in our College,

Imperial Fisheiies Bm'eau, and Suisau Koshyujo ; Prof. W. C. M'Intosh,

St. Andi-ews University, Scotland; the late Di'. ElCHABD Rathbun, U. S.

National Museum ; Prof. D. S. Jordan, Stanford Univei-sity, Cal. ; Messi's Kösaku

IiDA, KiHEi Nasu, the late Noriyoshi Töyajia,' &c. at Los Angeles ; and Mi-.

E. GoBEE, Fishery Station, Batavia. Finally I wish to express my appreciation

of the painstaking work of the ai'tist, Mi'. Shigezö Kikkawa, who has endeav-

oured to rej)resent very acciu'ately the viuious species, and even the number and

exact aiTangement of scales in each species, and ti'oublesome representations^ of

anatomical stmctm'es in detail.

Comparative Anatomy-

EXTERNALCHAKACTEPiS.

External Form of the Body.

In gouoral the foiou of the Ixxiy is nicely- fusifoiin, so as to give the least

resistance in locomotion, but in the case of Cyhium chinense the anterior paxt

of the dorsal outline is concave (fig. 34). The venti-al outHue of the Ixniy is

a little more ciuTed than the dorsal, to bjiliUice ;the heavy muscular part with

1. Oue of the i)ioneirs who established the tuun fish trade in South Cnliforniii.
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tlie lighter, visceral paa-t. The ixjsterior end of the body is more slender than

the anterior, the broadest pirt of the Ixxly being generally in advance of the

middle, liotween the snout and the cancLil ixxliincle. In mackerels the broadest

portion is finiiul iu the vertical, passing tlio middle of the first dorsal, that is

n little before the middle of the Ixxly. In setn'fishes the broadest part lies at

the pisttTior part of the first dorsiJ or ncai" the amis. In tnnnie3 the l)roadest

liart of the lK)dy is at the middle of the fii-st dorsal, while in bonitos the broiidest

pirt ncai-ly coincides with the middle of the body. Tlie body is generally roimded

or eUiptical in cross-section. In RastreUiger and most species of the genus

Cyhinm the body is more or less comprcastKl ; but in tlic Plecostei the body is

idways plnmp.

Generally the line connecting the apex of the snout and the middle of the

side of the tail passes tlu'ough the centi'e of the eye, and nearly comcides with

the npp^r margin of the pectoral fin. In the Scombridfe the nape is iian-ow,

and the body is more or less compressed laterally ; in the Cybiidre the nape

is broad, and the body is generally compressed and elongated; "while in the

Placostei the body is short and plnmp. In the Thimnidae the nape is broad, but

in the Katsuwonidfo it is remai-kably uaiTow. The caudal portion is shorter than

the abdominal portion in the Scombridse ; longer in the Cybiida?, except in the

genera Acarähocj/hium, Sarda, and Gymnosarda ; nearly equal in the Thunnidae
;

and shorter in the Katsuwonidse. In the Scombridae the caudal peduncle is

thick, neai'ly rounded iu cross-section and wants the Literal keel, while in the

CybiidiC it is rather thick, more or loss horizontally depressetl, and is provided

with a large lateral keel, which is rather thin and broad at the liiud end. Li

the Plecostei the caudal peduncle is very nan-ow, depressed, and is pro\^ded with

a very thick keel, especially in the Katsuwouidro. In the Cybiidae these keels

ai-e generally covei^ed were elongated scales, but they we quite naked in the

Plecostei.

The form of the body diflei-s of com-se in different ages of fish. Grenerally

the head is longer in snudl, immature specimens, but the proportion of ite

length to the height of the lwd\' is often constant. Therefore immature

specimens of seerfishes and their aUied forms, such as Cyhium niphonium, C.

commerscm, and Sarda orientalis are broader than the mature forms ; but in the

Plecostei the immatm'e forms have a more slender body tlian the adult. The
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foiTu of tbü VkkIy diffei's sometimes m diflereut seasons. Geneiuüy the fonn of

the liody is fat iiud fine before the spawning season ; but it liecomes lean aoad

ugly after spawning, and remains in such a condition dm-ing some three or

fonr montlis. The lean fonu of Cyhima niphaiiivm in summer Ls esiDeciaJly

rcmai'kable. This difference of fatness in seasons is little discernible in the

case of the Plecostei. In the stiiped bonito, however, the flesh becomes

remai-kably wateiy after sjii'wuing, much paler in colour, aaid at the same

time losing Ixjth taste and tenacity.

Size of the Body.

Mackerels are generally small, never reaching one meti'e in the total

length. Scerfishes generally gi'ow more than a meti'e iu length, smd certeiu

species attain a verj' large size, for example Cyhium cMneiise grows to a length

of more than fr^vo metises, and to a weight of more than one hundred kg.

Gymnosarda nvda, Cyhium comrnersmi and Accadhocyhium sdandri gi-ow very

large too. Much larger sizes ai'e rather common in tunnies. Thv.nmts orient alts

gi-ows tcj more than 260 kg in weight, and ca 3 m in length, and even tunnies of

375 kg are recorded. Thus our common tunny is smaller than the AtLxntic

congener, the latter is Sixid to grow to ca 451 kg iu Aveight. NeoVmnnus raws

is the smallest tunny known, reaching maturity when it is ca 60 cm in length,

and 8 kg in A\eight, l)eing nearly equal tj the average size of the stii]^)ed

Ixmito. In Ixjnitos the size becomes small again, rarely exceeding a meti-e in

length, and 15 kg in weight, the smallest fish of the kind is found iu the

genus Aiixis. Fishes fif the genus Aiixis s\,ve ca 30 cm long and 600 g iu

weight.

Colour and Markings.

The l)ack is blackish at the auttrieir part, chiinging gi-;uluall_A- to bluish

or gi-eenish coknu', with metiiUic lusti'e, and the IjeUy is silvery ( r gi'eyish, with

irridesc-ent reflections. Generally speaking the gi-ouud coloiu' of the l)aek is

greenish in the Scombridaa, steel-blue in the Cj'biida?, and bluish iu the

Plecostei. When we (>l)serve the li\iiig fish, the coloiu' gi'eatly difieis from that

of the dead, even iijceutly killed. I have obseiTed a remarkjible difterence in

the genus Aitxis, which is dark bluish gi'eeu when hving, but bluish when
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deiid. Tlic colour of tlic> liviiij^ fishes Ls, however, ver_\' difficult to ohsorve, lis

they live rather iu oß-shore wateis, swiiu veiy s^viftly, smd die s(X)n afti-r they

lire caught. A yellowish colour is fouud in uuickeivls iiud most tuiiuies, but

is not foiuid iu fishes of the Cj-biidsi?, uor iu bouitos. Moreover, this cajIoiu- is

uot stable iu si«ciiueLS preserved in alcohol or foniialiii.

IVIiirkinj^s ait' mostly' found on the back, mid tlivy are geniiiill_\ IJiickLsh.

They iU'e either iiregular, \\a%ii)}2; streaks, dots, or longitudinal bauds, and

those foimd in the Iwwk are cLirker than the grouud colour. Jbirkiugs are

sometimes fouud iu the IkHv too, Imt they JU'e sooty, fiiiuter thau those oa

the l)ack, or suv silver^' iu the sooty gi-ouud. The number of tlie mai'kings

corresixinds geueitilly \vitli tluit of myotomes. Markings on both sides of the

body are not stiictly svmmeti'ical. Coloiu- and markings fade away in long

presented specimeus. Ou the couti-ary markings invisible in fresh state may

liccome visible after some days preseiTation in alcohol or fornudin. Coloiu' jiud

markings of the immature foiins differ greatly &vmi those of the adult.

Generallj-, immature fishers liave simpler and less numerous mm'kings than the

iwJult ; but iu the strii^'d Inniito immature fishes have; more numerous stripes

thiui the adult.

Colour aud markings 1k!Coilo bright, whi;ii the fish is excited, and dull, or

disappear when fi-ightened.

In our common mackerels pigiueuts are found below the skin, sind alx)ve

the adipose Liyer, and iu the skin which may easily Ixi peeled off, scanty,

insignificant pigment-siX)ts only are fouud. Tliis explains the reason whj' stale

mackerel often retain brilliant colours. In BastrelUger cJirysozonus we find a

row of dark spots on each side of the base of the doi'ssil fin, l)esides two dai'k

lougitudinid bands in the l)ac-k. Two liaiids below these dsu'k bands and

running behiud the Electoral are yellowish. The yellowish cokiiu- gi-aduaUy

fades in preserved specimens.

Reerfishes liave generally t^vo or more rows of dark roundish spots neai'

the latend median line of the body. In Ci/lnwn nijihonium (tig. 32) we

sometimes find the whole lx)dy except the liack deiisel.^' covered with sjxjts. In

the same species the ventral median line, aud a longitudinal line ninning

backward from the biise of each pectoral are sometimes coloured bLick. Gyhiwn

commersm (fig. 39) and Acantliocylium sdanchi (fig. 31) hiive many ti-ansvei-se
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bands, while the fish telonging to the genus Sarda have many longitudinal

bands on the back (fig. 33). In a small immature specimen of Sarda orientcdis,

(obtained on the east coast of Aomori-ken, I foimd 13 transverse bands, and in

these bands, five to seven, obhque longitudinal bands, were found, fishes

Iwlonging to the genus Gymnosarda have no markings at all (fig. 37). In

the Cybiidie dots and bands are generally few in number in immatvure forms,

and the markings increase in numter liy intercalation as the fish grows

larger. Cijhium niphoniiim imder 10 cm in length, and Cyhium liorcannm

under ca 20 cm lack mai-kings entirely.

In adult tunnies we find no markings, except many silvery lines and dots

in the belly of certain species (fig. 45, 48). These silvery dote and lines are

not found in the other scombroid fishes. Adult bonitos have dark bands

generally ti'ansverse in the back ; but they are not conspicuous in the genu

Katsuwonus (fig. 53), as the bands are very broad and quite near each other.

Longitudinal bauds on the belly of Katsmoonus and dark spots in the thoracic

part of Eidhynmis (fig. 54) are characteristic to the respective genus. Generally

small immature forms of plecostean fishes are transversely banded and they

extend fi'om the doi-sal median line to the ventral median line. These bands are

broad an 1 they approach each other very closely, in the ThvmnidiB ; but in

the KatsuwonidfB they are rather nai-row, being more naiTow than the interval

l)etween them, and are short, not reaching the ventral meditui line. Small

immatui-e forms of TImnnus orientcdis (fig. 43) and Neothumus macrop'erm

have many dark tran-svei-se bands, which gi-adually disap\x^ar from the doi-sal

side, when the fish is about half a year old ; but the ventral part of these

bands remains all thi-ough hfe (fig. 45). As the fish grows larger, these

bands in the belly aa-e subdivided by a sei-ies of dots. Thesä boundary lines

and series of dots gradually inchne obliquely backwards, towards the veuti'iü

median line (fig. 45). In Parathwmus mehacJd of ca. 90 cui in length I found

veuti-al markings, but in lai'ger specimens they disappear entirely. In T/iunnus

rermo and Neothunnus rarus (fig. 48) hn-egular longitudinal bands of gi-ayish

colour are found in the belly, and they anastomose with each other, leaving

silvery meshes. In the former species the mm-king disappears in lai'ger

specimens, but in the ktter, it remains lifelong. Pigments and silvery

ingredients of bonitos m-e foimd at the surface of the skin. Therefore when
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we peel off the skin, the colominp; is mostly lost, jind only n, thin pile Liyer

of pJRinent is found a,l>ove the a(lip:)se layer of the l»dy. Soinetiices the

ln>lly of bouit<33 is sooty brown. Fishermen believe that such fishes romjiined

on tlie muddy bottom a long time. In a snmll specimen of Kafmaconm

jjclcimis, ca. 20 cm long, I fjund 5 faint ti-ansverse bands near the lateral

medium line, besides the longitudinal bands. Those h'ansvei-se bands are

cidled by fishermen bands of the sam-el-ty^X), and when thes3 bands appeal*

f)n tlie side of tlie fish, they ai-e greatly excited to bite so that we can

anticipate a gi"eat catch. Tn immatm"e bonitos ca 30 cm long, longitudinal

bauds are more numerous tluxn in tlie adult, the auxilL-iry bands being found

near the Literal median line. In immature sp2cimens of Euihynnm yaito, ca

13 cm long, we find alx)ut eight transverse bands, crossing down the lateml

line. These bands jire darker and bend a little backward at the dorsal part

alxjve the lateral line. In a specimen ca 19 cm long there nve atxjut thirteen

ti'ansverso bands. The coiu-se of the doi'sal part of the bands above the

literal line now nearly coincides with the boimdary line tetwcen myotomes.

Specimens of such size have one to three dark spots at the pectoral region.

The spinous dorsal, caudal, and the axial side of the pecbirals are gener.iUy

bliickish. Ventrals and the nna\ are pale coloured or nearly colourless. In

the Cybiidje the spinous dorsal is generally black, but in immature forms of

some seerfishes it is colourless at the posterior poition. In G;imnosarda (fig.

37) the tip of the second doi-sal and the anal is colora-less. In tlij Plecosiei

tlie first dorsal is wiished witli black at the margin. It Ls remarkable that fins

ai"e more or less yellowish in tunnies ; but that coloiu" never appears in the

fins of seerfishes and bonitos. The yellow colour is especially conspicuous iu

Parathminus mehacJd and Neothunmis niacropia-us ; but not conspicuous in

Thunnm germo and Neothunmis varus.

He.\d.

Generally speaking the head is large, one fifth of the total length of the

bixly in the Scombridse, one sixth in the Cybiida\ and one foiu-th in the

Plecostei. The length of the head is generally more or less longer than the

height of the body, even iu the case of tunnies and bonitos. Therefore it is

very remarkable tluit tlic head of Ci/bium Tcoreanum is 1] times the height
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of the body (fig. 35). The head Ls saa:ewhat biangiilarly pjTamidal, as its

upioer surface is more or less flat and the lateral sides obliqne, meeting at tl:e

veuti-al median line. This characteiistic form is very well developed in the

Plecostei, while it is rather a little modified in the Cybiida?, as the head is

more compressed laterally tliau in other families, and its top is more or less

vaulted.

lu the Scombridse the suout is modertitely long, ca. 1/3 the length of

head, and the posterior nostrils are slit-like. In the Cv^büdfe the snout is

ii^.uch elongated, being neai'ly eijual iu length \\ith the pdvt lieliind the eye.

The anterior and ^»sterior nosti-ils are neai'er to each other, than iu the

Rcombridse and Plecostei, and the jws'erior nostrils are more or less elliptical

and a httle lai'ger than the anterior. In the Plecostei the suout Ls ca. 1/3 the

length of the head, but it seems rather short, as the head is broad. In the

genus Aims the suout is xevj short, being only ca. 1/4 the length of the

head. The Japanese name for the fishes of that genus is " mtdüia," which

n:eans that the e^e is near tlie suout. The antiior nostiils iU'o quite small,

<nnd the posterior nostrils ai'e mere slits.

The mouth is tenuiual, not protractile. In the Scombrids.e it is rather

wide, the liind end of the upjxr jaw reaching or jMssing l»yond the vertical

fiom the middle of the eye ; and the mai'gin of the upjjer jaw is mostly"

fbrmcd by the preorbital. Tlie supplementary Ixine to the lui^xillar^- is verj-

nano^\• and small iu this family. Iu the Cybiida^ the mouth is v«y wide, the

iwsterior end of the upjxjr jaw generali}' re.U'hiug lieyoud thi> iX)sterior margiu

of the eye. But iu Acantlioq/lium, Grammatarcymis, and Gi/nmosarda the

maxillary scarcely rea«'h the vertical from the center of the eye. Iu Acmdhocybhuu

the preorbital ftirms the p)sttrior part of the ui5\x:-r jaw. The supplementai'y

bone to | the maxillary has its psttrior end romided. Tu the Plecostei tlK>

miiuth is comparatively small, the posteric>r end of the upper jaw not reachiug

the vertical from the middle of the eye. Tlie supx^lementarv Iwno to the

maxillary has a bruad straight side at the posterior cud. Aji ()bli(pu'l,\-

downward gi'ove iu the skiu fiom the gaiK> of the mouth is deep and

conspicuous.

Iu the so-called scombroid fi-shes the teeth in the jjiws are aiTanged iu

one row onlj-. Thej- arj a little more numerous iu the ni>i;er thau in the
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lower jaw . Tliey ai« formed iu alveoles and are replaced l)y new ones comiug

out between tlie old. Tu the Scombridio the teeth uro very mmute. Indeed

tlie Japinese uaiue " saba " for the inackei-el raeaiis miuute teeth in our old

lai)}iHii4<e. The voiuerine teeth wheu present are an'anged iu two latei*al

pitches, aiid the palatiue teeth when present are iu one row only. In the

C\biida' the teetii are well dovelopsd, long, curved, laterally compressed, and

generally trenchant at the edges. Thus seerfishes are ^•oracious, and often hurt

fishermen and damage fishing apparatus too. Teeth on the vomer and

palatines ai'e villiform. In the Plecosfei the teeth iu jaws are small, couical

and cm-\ed. Iu the Thnnnidio villiform teeth are found on the vomer,

pilatines, and pterygoids. Mesopterygoid teeth iU'e remarkable, as the^' arj

not found in the other fishes. In the Katsuwonidro the teeth are foimd iu

Ixjth Jaws only ; but in the geuus Evlfajnims palatines and sometimes the

vomer too are tootheil. Iu these cjses the teeth are surauged iu one row

oul}-, and they iU'e rather large.

The eyes are comparatively siuall iu the Cybiid», being contained more

than 7-10 times iu the length of the head, and more than 30-40 times iu

the total length of the bod>' ; but they are largo iu Gyimwmnhi. In the

Scombrida3 and Plecostei the eyes are large, being contained less than (J -10

times iu the head, and 18-27 times iu the lx)d3-. In the Sa)ml)rida) the

adipose eyelids are remai'kably well develox)ed. Iu the Cj'biidaj and Plecostei

the eyelids scarcelj' cover the ej'e-ball. T/nmnvs (jcrmo mid PamfJiunmts

melxichi have large ej'es, these tunnies descend to the deej)er strata of waters.

The eye-capsules are well develo^jed and more or less calcified in the Plecostei.

Lateral Line.

The lateral line more or less imdulates. Iu the Scombrid», however, the

uudulation is insignificant, l)eiug nearly straight fi'om the nape tj the caudal

lieduude, nmniug more f)r less parallel t) tlie dorsal median line o; the body,

and the perforated scalas in the line are only a little modified fi'om other

scales. In the Cybiida; the Lateral hue runs general!}' parallt\l to the doreal

mediau line of the liody for some distance from the nape, and at the caudiil

]>ai't the lateral line nearly coincides with the lateral median line of the body.

These two jwrtious of the lateral line are connected bj' an obhque ^»rtion.
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The position of this oUique portion is either under the first dorsal or under

the second. In fishes of this family the lateral line often sends out many

biunches on both sides (figs. .31, .32, 35), and these branches are vertical in

Acanthocylimn, but obliqne in Ci/bivm. The perforated scales are larger,

thicker, and gi'eatly modified in their form, and they may also distinctly be

seen on the lateml keel of the caudal peduncle, at the treuchant edge.

The lateral line of Ci/bium koreanum (fig. 35 ), C. (juttatum (fig. 61), Sarda

orientnlis (fig. 33), and Gymnosarda nuda (fig. 37), differ more or less from

the typical form. In Grammaiorcijni.is two lateral lines are found on each

side of the body (fig. 62). The upper lateral line seems to correspond to

the normal lateral line, nmning parallel to the dorsal median line of the

body. The lower lateral line joins the upper with a right angle behind the

pectoral, and running down backward approaches the ventral median line, a

little behind the venti-als. Thence the line ixms p:u'allel to the ventral

median line, and meats the upper lateral hue, a Httle anterior to the lateral

keel.

In the Plecostei perforated scales are very httle modified, and the

undulation of the lateral line is not much pronounced ; but it has a more or

less characteristic featm-a in different famihes. It is woiihy of note that the

lateral line of the Thunuidse always takes a pecnhiU' course, above the pectoral

(figs. 43, 45-48). In this region the course of the lateral line is rather

diöicult to trace, as the pores are indistinct, few in number, and much

separated from each other. The lateral line of Tlmnrvm orierdalis is typical.

The lateral line of the Katsuwonidoe has only a slight rise above the pectoral,

and has small undulations at the cradal portion. Kluxzenger (49) vrcote in

the diagnosis of Thunnus tliunnina as follows :

—

" Die Seitenhnie bildet zuweilen eine Knickung nach oben über der

Mitte der Brustflosse ; dann senkt sie sich, et\va3 um-egelmüssig wellig laufend,

bis zur Mittelhnie."

This description is well adapted to the lateral line of tunnies, but not

proper for that of bonitos. Indeed the author confoimded immature ;tuniiies

with bonitos, identifying Orcynus scMegeU of Steindachner (immature form

of ora common tunny) with Tliynnus tliunnina.
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Skin and Scales.

The skill is tliick ami well clevelu]3ed, aud its deeioer layer, the dermis,

is comijosed <>f sevenl liivei-s of oblique connective tissue, riinnins iu two

difterent dii^ectious, more or less ^lerpeudicular to each other, and altenmtin;^

iu succession. The skin is more or less elastic, and extensile longitudinally,

but almost uonextensile transversely. In the Scombridio we count only U\<<

layers of connective tissue iu the skin, in the Cybiida) foiu' layers, and iu

the Plecostei about six layers.

Scales of the so-called scombroid fishes are generally described as

cycloid, but most of them are imperfectly ctenoid, as they aj'o toothed at the

posterior margin, and liave no striation or only £\iut sti-iation at the surface.

In the Scombridae scales are nearly cycloid, almost equal iu size and form,

everywhere in the lx>dy, exce\3t those scales on the second dorsal, anal, aud

the middle part of the caudal fin. Scales iu these parts are small and

slei;der. In the Cybiid« scales are small, thin, and are often concealed under

the skin or disapi^ear 6-om the most part of the body. The diÜcrcntiation of

scales is more mai'ked than iu the ScombridiB ; those on the latei'al lino and

those near the dorsal and ventral median lines are longitudinally elongated

and densely crowded. Scales at the pectoral region are lai-ger and more or

less differentiated to form the corselet. Iu the Plecostei the corselet is very

•well develo^Ded. Scales iu it are very thick, and it is covered by a tough

membi-ane, so that the pectoral region is doubly strengthened, pi-obably to

protect the thick jwrtion of the cutaneous blood-vessels, peculiar and very

inqxirtant to the Plecostei. The scales on each side of the base of the fjrst

dorsal are x^retty large, rhombic, and are an-anged in several longitudinal

rows. Small elongated scales are foimd on the external side of ths pectoral,

and sometimes at the base of the ventrals and on the caudal. In the Plecostei

scales round the pectorals are small and elongated. In the Katsuwonidaä

scales are not developed outside the coi^selet ; but in an old sti-ijaed Ixinito I

found ninute scales scattered here and there outside the coreelet. These

scales ai'e roundish and have a few concentric striae In the Scombnd.e aud

Cybiida? small scales are found on the o^Ärcular bones ; but iu the Plecostei

these lx»nes are entirely naked. Sc-ales on the cheeks ai'e much modified,
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elongated aud an-anged as if radiating from the eye. In the S(;oml)rida> thesp

scales are especially large and unequal in size.

The scales of the Scombridse are longitudinally striated near the jiDsterior

margin, liesides the striation parallel to the posterior margin. Scales of the

Cybiidfe are mostly concentrically striated, and those of the Plecos'.ei are

mostly smooth at the surface and have a deutritic lumen inside. Very narrow

scales, arranged longitudinally and very thickly together, are fjund on the

second dorsal, caudal and sometimes on the external sivrface of the pectoral,

contributing to strengthening these fins and at the same time to make their

siu'face more smooth.

Fins.

The fius are generally well developed, stout, ligid, and are adapted for

swift locomotion. Some one says that the fins of the male fish arc larger

than those of the female ; but I have no fact material to coiToborate it. Like

the development of other organs, fins are also best developed in the Plecostei.

In the Scombridffl spines and rays in fius are feeble, slender, and fin-rays are

transversely articulated as in most teleosteans. In adult forms of the Cybiida)

and the Plecostei, fin-rays :we longitudinally divided at the distal end, but not

articulated transversely, except in the genus Grammcdorcijnns and iu the

venti'als. The ventral fins therefore seem to play a not very important part

in swimming in these fishes. The spines consist of single consolidated rods;

but the rays are composed of two lateral hahes.

The fii'st doi-sal fin may be entirely folded into a groove. The other

median fins may more or less be divaaicated in the Teleostei ; but in the

Plecostei they are nearly solid, and their form and dimension is little altered.

The pectorals arj rather high in position, ]Ti-etty well developed, .-md

when depressed each of them rests in a shallow depression, the djrsal msu-gin

of which generally cjiucides with the line, connecting the ceuti'e of the eye

with the lateral median line of the caudal peduncle.

When the pectorals are iu motion, they are spread out horizontally and

then- fore margin lies in a straight line, perpendicular to the axis of the

body. TJius when we look at Thunmts germo, swimming in tlie sea, spreading

its exti-aordiuary long pectorals, we conceive a dr.igoa-fly in tltglit, hence our
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fisliormeii call tiie nlbaeore " tomlw-slilbi ", incixniup; the diMgon-tly tunny. Tiie

iiniulwr of fiu-rfty.s iu the pectoral is 18 iu the pienus Scomber, 19-24 in the

geung Gtihium, 25 in Gijmnosard.', 30-36 in the Thuunidne, ca 30 in

KatHuwonus and Evthynnus, and ca 25 iu Auxis. Thus in general the number

of fin-rays in the pectoral increases as the struetm'e of the body becomes more

complicate, and again decreases iis the structure degenerates. The eximnse of

the ppctoral is nearly unchanged, though the number of rays is increased.

Tlicre is no doubt that the greater numlier of fin-rays increases the rigidity

oi the fin itself. In the Scombrid» the pectorals are small, ti'iangular, and

ai'e situated a little higher than in the Cybiidaj and Plecostei. In the

Cybiida? the pectorals are also small, often broad at the origin, and more or

less ci-enulated at the venti-al mm-gin, as iu (J/jhiinn niphonium, C. rjutMura

and Gymnosarda nuda. In Cyhium cJdneme, however, the pectorals are large,

and roimded at the posterior mai'giu (fig. 34). The form is finite exti-a-

ordinaiy. In the Thunnidje the pectoi^als are generally long, reaching the

origin of the second dorsal, and even pas? lieyond it. These fins gi'adually

tapering behind, are sabre-shaped. In the Katsuwonidre the pectorals are

small and ti-iangular. Tliey iU'o pointed at the x)osterior doi-sal end. In

Surda and Plecostei a sjiecial elastic p-otuberance or rather a ridge is

developed at the inner or dorsal side of the root of pectorals to fit tightly to

a conesponding gi'oove on each side of the body.

The venti'als are thoracic, moderate iu size, alwaA's composed of one

spine and five fin-rays, and as iu luauy other fishes fit to depressions of the

body when folded. These fins seem to be of secondaiy importance, as their

fin-rays remain transversely aiiienlated, and they ai-e reduced in size in the

Cybiidie, Ix'ing smaller than the anjtl, except in the genus Gymnosarda.

The dorsal is divided into two, fii-st and second, and the posterior portion

of the latter is fiuiher divided into many fiulels. In the Scombridse the

number of finlets is generally 5, in the Cybiidae 6-9, and in the Plecostei

8 or 9. The fii'st dorsal Ls never continuous with the second, and is formed

of several spkies which when depressed are whoU}' received in a gi'oove. The

tip of the spines of the fii'st doi"sal is flexible, and each spine has a hole at

the proximal end. In the Scombridse and also iu the genus Auxis of the

Katsuwouidsp, tlie two dorsals aie sejjarated by an interspace from the



308 KAlIAKICHI KISHINOTTE :

suppression of some posterior spines, and in these cases tLe first doi'sal is

sli(jrt Imt rather high, higher than the second doi-sah The first dorsal of the

Scc)mbrida3 originates from the myotome of the second vertebra, while tliat of

the other so-called scombroid fishes originates from the myotome of the fii-st

vertebra. Therefore the origin of the first doi'sal in the Scombridae is well

behind the origin of the pectoral fin, while in the other groups the former

and the latter lie nearly in the same vertical. In the Scombridne the spines

of the fii-st doi'sal are very feeble, and the fii'st spine is shorter than the

second, which is generally the longest (figs. 28, 29). In the Cybiidse the first

dorsal is generally low, long, mostly black, and its outline is more or less

convex, gradually descending b:ickwards (figs. 31-37, 61, 62). The fii'st spine

is not the longest as in the Scombrid». The first dorsal of Acaiithocyhium

solandri differs &'om that of allied fishes in baiug broad and of nearly the

same breadth throughout (fig. 31). In Cyhiiun the height of the fii-st dorsal

is 1/4-1/3 the height of the body. In the Plecostei the first dorsal is

generally high and the outUue of its doreal posterior side is concave, and its

first spine is always longest and thickest, the following spines, though

decreasing rather rapidly in length are also strong (figs. 43-48). In the

genus Kcdsuiuonvs the height of the fiist dorsal is best develo^jed. The

longest spine is about 3/5 the height of the body. In other bonitos and

most tunnies the height of the fii-st dorsal is contained about twice in the

height of the body.

The second dorsal and anal are neaily equal in form and size. The

former precedes the latter one myotome in Sccnnber and Cyhium, and alK)ut

three myotomes in the Thunuidse. Fin-rays of these fins grasp the distal

segment of the intei-spinous bone between the proximal ends of thek lateral

halves. In the Scombridse these two median fins are resiiectively smaller

than the spinous dorsal, and fin-rays of these fins are feeble and transversely

ai-ticulated. In Scomher moreover an isolated spine is found before the aual

as in the Caraugidas. In the Cybiidse these two fins axe pretty well developed»

generally higher than the fii-st dorsal, and their fin-rays are thick and

nonai-ticulated. As some anterior fin-rays of these fins are well develojied,

their form becomes falcate. They are pretty large, well developed in Cyhium

hcyreanum (fig. 35) and C. guttatum (fig. 61); but are poorly developed and
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small iu Acanfhocybtum (fig. 31), Gi-ainmntorq/nvs (fig. 62), aud Sarda (fig.

32). In the Thunniclai these fius are falcate, amspicuously developed, and

interspiuüiis bones suppirting fin-rays of tbese fins are remarkiibly broad.

In some Ibrms of Nvothunnua »nacroplerus tbese fins are unnsualh' di;-

veloped, brightly coloured, and their tips nearly touch the terminal piints

of the caudal. In tunnies as well as iu Gi/bium these fius gradually elongate

with the ago of the fish. In immature tunnies and also in Ixjuitos the

second doraal and anal are smaller than the first dosml (figs. 43, 53-56).

These fins are very small in the Katsuwom'da^, especially in the degenerated

genera, Euthynnus and Aims.

The caudal fin is strong and lunate. Its two lobes are nearly equal in

size and form, but the upper lobe is often slightly larger. In the ScombridaB

the fin-rays are soft, thin, and transversely articulated. Iu the Cybiidso the

size of the caudal is comparatively large, and its fin-rays are thick, and

non-articulated. The longest fin-ray in one lobe of the fin makes an angle

of oa60'^ with the longest in the other lobe. The fin-rays next on each side

of the median fin-ray project posteriorly at the middle (figs. 31, 36). In the

Thunnidaj the fin-mj^ of the caudal are so thick and robust, that prehistoric

fishermen apparently used it for spear-heads. A specimen of such an im-

plement 21 cm. long, carved from one of these fin-rays oi our common tunny,

was discovered by Mr. Genshichi Yendo in a shell-momid in Miyatojima

near Sendai, Miyagi-ken. The angle made by the longest fin-rays in the two

lobes of the caudal is more than 90'^ in the Thunnidaa and Katsuwonid».

Fin-rays of the caudal of the striped bonito are sometimes used as to(jth-picks

after being cleaned and bleachetl. Among the so-called scombroid fishes in

oiu: waters the caudal fin is largest in Cyhium chinense, the length of its upjoer

lobe being longer than the height of the body, and ca. 1/4 the length of the

body (fig. 34). In Cybnm gvtlatum (fig. 61) the caudixl fin is also very large.

SKELETON.

The Scombridae, CybiidiP, and Plecostoi differ a groat deal from each

other in the skeleton, the fundamental structure of the IxxJy. There seems to

be very little relation between the skeleton of the Scombridae and that of the

Cybiida? ; but the gradual Iransformation of the skeleton of the Cybiida) to
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that of the Plecostei is obvious. The skeleton of the ScombridiB is unique

in many res^Dects, but it is more or less related to that of the Serranidfe, and

it has a remote relation to the Carangidii). The characters of the skeleton

of different scombroid fishes may well be understood by comparing the middle

traiLSveree sections of veiiebrse, shown in PI. XYI.

In the Scombridse the skeleton is vfeak and brittle. The cranial bones

are thin, and not firmly connected together at the anterior part. The

vertebrae are notably small, and only a httle differentiated in form in different

regions of the Ijody (figs. 7, 30). They are rather loosely connected

and devoid of deep grooves. The neural and hcemal spines, interspinous

bones, and Suspensorium of the mandible are naiTow and slender. In the

Cybiidse tbe skeleton is also brittle. The ha3mal spine is scarcely develoi»d

in the preeaudal region (figs. 38-42). The neural spine of some anterior

precaudal vertebrae is broad. Except these broad neural spines, the remaining

neural and ha3mal spines, and interspinous bones are weak and slender. The

skeleton of Sarda (figs. 11, 42) and G/jmnosarda (figs. 12. 88) approaches

the skeleton of the Plecostei in the developmeüt of the lateral keel, in the

vertebra of the caudal peduncle, and tbe inseparable connection of these

vertebn^ with each other. Grooves and ridges in vertebra3 become conspicuous,

and the substance of the vertebrae becomes hard and compact, as the fish is

more highly si^eciahzed.

In the Plecostei ths skeleton is luird, compact, and the cranial bones are

very firmly connected. The vertebrae are compai-atively large, have mnuj deep

grooves, and their diflereatiation in different regions is remarkable (figs. 13-15,

49-52, 57-60, 64). The neural and haemal s]Dine3 of the vertebral column

are thick and the interspinous bones are very broad. TLe development of long

haemal spines in the precaudal region is remarkal)le. The so-called inferior

foramen is very broad, especially in the Katsuwonidre, forming a basket-work

of the haemal process. In this family the opihsvmal spine or bonj' ^Jedicle of

Staeks is particulai-ly developed between the centrum of luiiny vertebrae and

their haemal arch.

Skull.

In the scombroid fishes the skull is generally tiiangularly pjTamidal, and
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Oll tlio (lorsiil, pjsfxnior p:irt \\c find fivo longitinliual ritiges or crests. Tho

median ridge is contiuiioiLS to tho occipital crest, separating the right and

loft lateral nuiscles, and affording the surface of insertion to the p'otnictor

dorsalis at the posterior part. The inner ridge or temporal crest of Starks

and cretes intermediäres of Cuvieh ari> found at the mid-dorsal bend <if tlio

epaxial p.irt of the lateral muscle, while the outer ridges or pterotic crests

seiKirate the lateral muscle from the fiicial muscles.

In tho ScomliridiO tlie skull (fig. 30, a, b) is cjmparativoly high, bsiug

noarlj' as high as broad, and is gradually pointed tow.ards the anterior cud.

Tlie lateral ridges on the dorsal sides of the slvull converge forward, and

disappear near the posterior margin of the frontals. Moreover there is a i^air

of short, accessory crests on the external side of tho temporal crests. The

pterotic processes are stout, sluirply pointed and uouflexible. The temparal

and pt«rotic crests are separated by a deep furrow and are connected at the

ITostorior end with a nearly vortical lidge. Nearly the antarior half of the

skull is dü'ectly under the skin, and is not covered by tho lateral ninsclo.

Fig. A. Median snsittal section o£ the skull. 1, Scomhcr japonictui; 2, GyUum niphonlum; 3,

Thunnus or'.entalls; i, Kalsuicotius pdainis. The first vertebra is nnehyloaed to the .skull of

r/junnus.
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In tlie Cybiidso the skull is elongated, low, antl flat, es^xjcially in tho

ventral, temporal region. Generally the length of the skull is contained more

tlian 1„- times in its breadth. The dorsal crests are well devcloj^ed, mostly

running more than half the length of the ft-ontals, and nearly parallel to each

other. In the Plecostei the skull is short, only a little longer than broad,

much broader than high, and wo find high ridges and dee]: depressions on

its ventral side or the auditory region of M.^stermak. The development of

these ridges and grooves differ greatly in different species. There are three

foramina on the dorsal side of the skull, except in the genus Av.xis. The

inner dorsal or temporal crests diverging forward, wliile the outer lidges are

converging ; but in the Katsuwonidse the inner ridges arc nearly parallel to

each other. Tho pterotic processes are long, flat, and flexible, especially in the

Katsuwonidw. In the Cybiidse and Plecostei the posterior ends of the temporal

and pterotic crests are connected with a straight ridge on each side of the

skull, and the space between these two crests is nearly flat. In the Cybiidse

and Plecostei the dorsjil sm-face of the skull is almost entirely covered with

the lateral muscle, except in the cases of Grammaiorcynus, Acanikoci/bium, and

Gymnosarda. In the Plecostei there is a special chamber, ix)sterior to the

myodome, and below the basioccipital. The sides of the chamber are formed

by the parasphenoid. So I shall name this chamber the parasphenoidal

chamber. On the venti-al side of the cranium, there are very deep depressions

in the otic region. These depressions are quite peculiar to the Plecostei.

The ethmoid is a median bone, Ixjimded by the frontals above, by the

prefi'ontals at the lateral and j^xjsterior sides, and hy tlie vonier and pai'a-

sphenoid l)elow. It has imircd horn-Uke processes with a condylar surfaco for

the maxillary at their. ventral siu'face. In the Scombridas, however, the condylar

surface for the maxilLiry is foimd it the lateral venti'al margin. The doreal

exposed surface of the ethmoid is crescent-shaped or Y-shaped in the Cybiidte
;

but it is more or less trapezoidal in the Plecostei. Tlie coucavit}' at the front

edge of the exposed dorsal siu'face of the ethmoid is to receive the premaxillar}-

processes.

The prefi'ontals are paired liones, forming the anterior wall of the orbit,

and lie between the vomer, parasphenoid, ethmoid, and the anterior part of

the frontala. Generally they are massive, but in Scomber and Gymnosarda
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tliey arc thiu bones, foklod in ilill'oront dirwtions. The prefrontjils jms loosely

joined with each other, as well as with other Iwne?, except the vomer. They

are longer tlian broaJ, and have only one articulating surface for the palatine

in the Scombrida^ and also in the OybiidiO, except Sarda and Gymnoaarda.

In these genera and also in the Plecostoi the bones are nearly as long as

broad, and have no articulating surfiicos for the palatine. The olfactory nerve

Xrusses through the middle of the prefrontal.

The vomer is an anterior median Ixine, thickentxl at the anterior end, but

gi-adually attenuated liehind. The bane lies below the p irasphenoid, and is

joined to it at the iiostoriov part, at the anterior part it is joined to the

ethmoid and prefi'ontals with suture. The ventral surface (jf the thick anterior

end of the vomer is often concave, otherwise nearlj' flat and is armed with

villous teotii. These teeth are grouped generally in a median longitudinal

bind ; but in Scomber they .are gi-oujied in paired s<^parate patches.

The fi'ontals are largo, paired bones, uniting with each other at the

median line, and forming a bridge over tlie orbit, they connect the brain-

case with the ethmoidal bones. Their anterior part is thin, flat, and narrow,

while the \x)sterior part is broad, and more or less bant downward. From

the centre of the doi'sal surface of each bone, five striae radiate in all

directions. This centi'al portion is thick. Anteriorly the frontals rest on the

entire doreal sui-face of the in'efrontals and the posterior part of the ethmoid.

Posteriorly they articulate with the supraoccipital, parietals, sphenotics, pterotics,

and alisphenoids. In the scombroid fishes the frontals do not unite nor meet

closely with etxah other at the posterior end, just alx)ve the alisj)henoid. In

the Scombxidcie we find only a slit there, in some fishes of the Cybiidae the

slit is pretty large (figs. 38-40), and in the Plecostei it is large and always

conspicuous. Before the slit or foramen the frontals unite with each other at

the median Hne. In the Scombridas the frontalis before the slit are thin,

in the Cybiidae they are thick, and in the Plecostei hollow. In the

Thurmida? nesu" the anterior half of the sUt there is a pit with rough walls

for the attachment of a ligament connecting the skin to the skull. In the

Cybiida) and Plecastoi the lateral external side of the frontal is raised and

very thick, while the internal side is raised to form a median crest, continuous

to the supraoccipital crest. Thus there is a broad fun-ow on the dorsal
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sui-fiice of the bone. This character, however, is not foiiud in Gramnudorcymis.

In the Cybiidas there is a pair of accessory crests Ijetween the temporal and

pterotic crests, except in Sarda and Gyrnnosarda. And this accessory crest

is situated rather near the pterotic crest, and is not so conspicuous as in the

ScoinbridcT?.

The ahspheuoids are iDaired Ijjues, forming the anterior paii of the tioor

of the brain-cavity, situated ou lx)th sides of the ventral mediiiu foramen.

Generally ihey do not meet at the median line, but are separated by a large

foramen. The}' are Ixjunded by the frontals at the anterior end, by the

sphenotics at the exterior side, by the prootic and basispheooid at the

posterior end, and Iw the supraoccipital at the dorsal side in Gyrnnosarda

and Plecostei. The alispheuoids of the scombroid fishes never come in contact

with the prefi-outals, though MASTERiTAX (56) states that the alisphenoids of

the common Eraopean tunny extend fi'oin the prootics beliiud to the

prefrontals in front. In the Scombridaj the alisphenoids are a Httle longer

than broad, nearly fiat, and separated from the supraoccipital. In the

Cydiidffi the inner, anterior end of the alisjihenoids is more or less turned

downwai'd, and in Cyhhtm nijiltonimn (fig. A 2) and G. Icoreanum these bones

meet in the anterior median hue, and are firmlj- joined together over the i-oot

of the olfactory nerve. In the ThunnidiB (fig. A3) the inner mai'gin of the

alisphenoid is produced downward, and meets with tliat of the opposite side

in the median hne, to form a median ventral wall, separating the veuti'al

me ian foramen into two, the small anterior fcjr the olfiictory nerve, and the

large posterior for the optic. In the i^^.touwouidse the alisphenoids end in a

thick pointed process produced along the ventral side of the frontals, and the

posterior part is divided into two horizontal sheets. The ventral sheet ends

almost free ; but in Eutlajmms it meets .-with a si^ecial broad process of the

prootic. In the Cj'biidie and Plecostei the alisphenoid has a doi-sal liranch

;it the anterior end. This doi-sal branch and the anterior ventral branch gi-asp

the thickened end of the fi-ontal. In the Scjmbridas the alisphenoids do not

reach the median uniting line of the fi-onbils ; but iu the Cybiidre and

Plecostei they reach the posterior end of the meilian uniting Une of the

frontals and are produced a little further anteriorly below the frontals.

Tire pfU'asphenoid is a very long Ik me, nmning ueai-ly the whole length
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of tlio voutriil jnedian lino of the skiiH, eonucctiug the otic region with the

etluuoiclal buues. At thr nutciior end it rests ou the; vomer, luid is very

firmly unite<l with it, aud at the ^xjsterior end it is embraced by the vontrid

sides of the Imsioccipital. Fur the most part the piraspheuoid is entirely

five fnim other lionos. At tlu^ nutt>rior part the bone is more or less flattened

with a dorsal uiotliau ridge, aud is imited to the prefi'ontals aud ethmoid

alxne. At the p)3terior end of the fi'ee portion, the paraspheuoid is rhombic

ill I'ross-section, lia\iug a ventral median k'(>el. Near the posterior end the

bone has two shoii lateral w iugs t:) uuite with the prootics. At the ]K)sterior

end, tlu! 1 oue bectnnes thiu, wide, aud is bent upwards at the lateral sides.

In the Scombridiü the pirasphenoid is very slender, aud in full grown forms

its posterior end nejirly closes the foramen l)etweeu the two ventral wings of

the basioccipital. A sharp venti'al median ridge is found underueath the otic

region. In the Cybiid.« tlie j)ar!ispheuoid is rather broad, forked at the lund

end, thus, leaving a smjill Uiirrow foramen, which communicates with tlie

niyodome. In the fishes of this family as well as of those of the Hcombridse,

the p)sterior part of th_i paraspheuoid is rather Hat. Tlie venti'al median

keel is scarce!}- developed, except iu Gi/mnosarda. In the TluiunidiC the

dorsal mediau keel of the parasphentud extends to a spot just Ix^low the

basisphenoid, i and is firmly united to the latter at the eud of the keel.

Generally there is a small veuti'al median hole near the posterior eud of the

paraspheiioid. It is remarkable tluit the paraspheuoid is broad in the

Plecostei, and is turned upwards at the lateral margin of the jxisterior part,

thus fonning a s^jecial tubular chaml)er, characteiistic to the Plecostei. The

cliamber lies below the myodome, aud is connected to it ^\ith .a narrow

longitudinal slit. Tluis the brain-cavity of the Plecostei is much sepirated

from the base of the cranium. The clmmljer is narrow and pointed anterior-

ly, but diverges behind, and ends with an elliptical or roimdish opening. In

the Katsuwouidie the doreal mediau keel of the jiaraspheuoid is not conspicuous

at the posterior end of the orbit. The parasphenoiilal cliamljer is Ijetter

develojied in this family than iu the Thunnida». In Auxis the paraspheuoid is

produced beliiud as a pair of long horns beyond the occiput. In the Katsuwo-

nidio the ventral mehian keel is liettw- develoi^etl than in the Thunnidsx).

The supriu)ccipital is a mediau bone more or less elongated longitudinally,
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witb a well developed occipital crest. The bone is bounded in front by the

frontals, and laterally by the parietals, epiotics, and sometimes by the

exoccipitals as well. The posterior part of the bone gi-aduaUy converges, and lies

npou the median sntm'e of the epiotics. Tlie posterior slender jwrtion is often

extended over the sutm-e of the exoccipitals. This bone has httle characteristics

in different families.

Tlic parietals are paired flat bones on both sides of the supraoccipital, and

rest on the sutural lines between the supraoccipital, sphenotics, epiotics and

sometimes pterotics, taking almost no part in the formation of the roof of the

brain cavity. The paiietals are surrounded in front by fi'ontals, on the outer side

by the pterotics, on the inner side by the supraoccipital, and behind by the

epiotics. The parietals are rather small, each with a high, longitudinal crest

on the dorsiil surface. The crest forms a part of the temporal crest, and is

a>utinuous to the crest on the frontals in front, and to the epiotic process

behind. In the Scombridae the parietals are provided with two crests. In the

Gybiidpe the parietals are generally separated from the pterotics. In the

Thunnidas also the parietals do not unite with the pterotics, at most some-

times touching with a corner above the sphenotics. In the Katsuwonidiie

the parietals are united to the ptarotics at the outer posterior side, and in

the genus Auxis the whole outer side of the former bone is bordei'ed by the

latter, as in this genus the sphenotics do not appear at the doisal surface of

the skull.

The sphenotics form a part of the latsral wall of the optic lobe, and at

the Sixme time a part of the dorsal wall of the optic cavity, externally

they are a part of the aiiiculatiug facet for the anterior head of the

hyomandibular, moreover forming the pistorbital ridge. Tlie sphenotics are

bounded estcn'ually by the frontals, alisphenoids, prootics, pterotics, parietals, and

epiotics, and internally by frontiils, alisphenoids, prootics, supraoccipital, and

sometimes epiotics. In RastrelUger the piuietjils and pterotics are also found

round the sphenotics. The sphenotics are generally seen at the dorsal side of

the skull, between the pterotics and paiietals. In the Seombridai the sphenotics

are foimd at the dorsal, external side of the cranium, between the pterotic

crests. Tlie internal conca%-ity of these bones is sulxlivided by a septum. In

the Cybiidaj the sphenotics are more or le.ss flattaned bones and form a very
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small piut ill the Literal wnll of the l>raiii-C!ivitj, genenilly with two concjvvi-

ties. In the Tliunnidre the spheuotic luis a large concavity inside, and another

large one outside. The latter forms the Ijottom of a deep pit on the ventral

surface of the cr.iniuiu. The dorsal surface of the sphenotic, lying between

the temp>ral and pterotic crests, is divided into two, by a process of the

piriotiil, extending over these Iwues and joining the anterior, internal an'uer

of the pteratic. In the Katsuwonidiij the spheuotics are nearly like those of

the TluinnidtB ; but they appear oiil^- a little at the dorsjil surface of the

cniniuin between the two lateral crests, or they do not appear at all (Auxis).

Moreover at their ventral surface, we fiud a depression at the posterior, internal

corner.

The basisphenoid is the smallest cranial bone, Y-slia^jed, median in

position, and lies between the prootics and alisphenoids on the craniid iloor.

Tlio median vertiad process is laterally compressed, and is united to the

parasphenoid, thus divi ding the mouth of the myodome into two. In the

Scombridao the medi;in process is very long, naiTow, but in the Cybiida3 and

Plecostei it is rather broad.

The epiotics form the dorsal posterior part of the periotic capsule, lying

on both sides of the posterior part of the supraoccipital, and anterior to the

esoccipitil. They are joined posteriorly to the exoccipitids with a rather

straight suture, externally to the pterotics, and [interiorly with the parietals,

iuid sometimes with the sphenotics. In the inner side of the cranial cavity,

the epiotics are bounded by the supraoccipital, prootics, and exoccipitals, and

sometimes by sphenotics as well. They have each a rough ja-ominent epiotic

process to unite with the flat doi-sal process of the posttemixjral. The epiotic

process is continuous to the temporal crest; but in Scomber the process and

the crest are separate. In the Scombrida3 the epiotics are markedly prominent

as the external posterior ridge of these bones is vertical as in the SeiTanid;B

and Carangidfe ; but in the Cybiidas and Plecostei the ridge gividually slopes

downward and outward. In the Cybiidie a deep groove or a canal is t)ften

found in the internal side of the epiotic to receive the anterior semicircular

canal of the auditory organ. In Katsuiocmus we find a trianguUr process in

tile internal side of the epiotic to separate the dorsal part of the anterior

semicircular canal.
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The pterotics are rather thin, more or less elongiited liories, forming the

lateral posterior comer of the skull, at the corner the bones are poiuted, and

more or less produced posteriorly to form the pterotic process. On the

ventral surface the bones liiive a large facette for the articulation of the

posterior portion of the hyoiuandilmlar. There is a protuberance or a process

in the midway of the external margin. Anterior to the jJrotuberance the bone

forms the posterior part of the outer cranial crest. lu the Scorabrid» and

Cybiidre the pterotics are flattened and comparatively narrow in the ventral

side, but in the Plecostei a special process is j)roduced at the inner anterior

coiTjer of the hyomandibular facette, below the ventral groove of the skull.

The lateral posterior coi'ner of the pterotics is much produced in tlie Katau-

wonidaB ; but the process is not distinct in many forms of the Cybiidir.

The prootics are seen from the veuti'al side of the skull only. They

meet very firmly at the venti'fJ median line of the brain-capsule. They are

lx)uuded by all the cranial lx)ues of the brain-capsule, except the i^rietals and

the supraoccipital. They are very iiTegular in sha^oc, aud rather large. In

these bones "we can distiuguish two lamella?, horizontal aud vertical. Li the

ScombridsB and Cybiidas the verticiil lamella is nearly smooth and oblique ; but

in the Plecostei the vertical lamella is high, more or less twisted, and is

moreover divided into two parts. These two parts meet in a line over the

foramen jugulare in the Thnnnida? ; but in the Katsuwonidse they are not two

independent processes in diilcnmt planes, and there is no foramen jugulare.

These bones form the wall of the medulla oblongata aud also receive the

ventral and nearly horizontal part of the auterittr canal of the auditory

organ. Generally speaking the bones are more or less flattened exte iorly,

luit tliere ai'e two or three deep grooves on the inner side to receive the

gi'eater part of the auditory organ. The foramen jugulare hes upon the

horizontal bridge. In the Scombridio and CybiidiO the prootics take no part

iu the formation of the hyomandibular cup.

Hie exoccipitals correspond witliout doulit to the neimil spine of the

vertebra aud protect the auterior cud of the spiual cord, enclosing the forameu

magnum. Each exoccipital lias a lai-ge paraoccipital c<^udyle. The lx)ues may

l« seen from the dorsal and ventral sides of the skull. They are bounded by

the epiotics, opisthotics, prootic^s, and basioccipital, aud sometimes a little by
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the supnioccipifabl iiud ptcmtios. VmAi cxoccipibil divor^os Huterüjrly, and

extends jUso kter:dly iu the Plecostei. . In the Sconibridio and Grammdorcynm

there is au impiXBsion of the clavicuLir ligament on the bi>ne. In tlie Cj-biidio

and riecostei the bone bom's, on the doi'sal side, an anxihary interiiiiLScular

lK)ne near the foramen magnnm, ;ind sometimes ano'.her auxiliiu'v one in a

httle anterior and superior position. On the veutiid side there is a large

foramen for the exit of the vagus. In the Katsn .\ ouidio the cxt)ccipit!vls are

fusetl at the dorsal ii avgin to form a prominent doi-sal median crest, wliich

lies just l)elow the supraoccipiüil crest. The exoccipibd ci'est is l)e^t devclüix;d

in Auxis. On tlu^ inner side of the exoccipital, thciv; are two or tlu-ee grooves

anterior to the origin of tlie spinal cord to receive a part of the auditory

organ.

Tl)e opisthotics are alwa^-s found in the so-called scombroid fishes, and

are genemlly seen from the dorsal as well as the venti'al side of the

skull ; but iu the Scombridje they do not appear at the doi-sa,] side of the

skull, except the articulating knob for the posttemporal. These bones lie on

the exterior side of the exoccipitals, and ar(> Ixiuuded by the prootics and

pterotics on the anterior and exterior sides. They forma part of the ix)steriür

wall of the brain-case. They have a large rough pi'ocess for the iirticulation

of the hollow end of the lower process of the iMsttemporal on the dorsid side.

The basioccipital is a lx)ne with a concave occipital condyle Uihind, and

a very deep concavity on the opposite side, lying just below the floor of the

foramen magnum. The lx)ue is lx)nnded alxive by the exoccipitids, in fi-ont

by the prootics, and ventrally by the parfispheuoid. In the Scombrid« and

CybiidsQ it is a ruvrrow bone with nearly' parallel horizontal sides in the lateral

view. In the Plecostei the bone is produced ventiully Ixilow the horizon of

the vertebral column. This is easily understood if you compare the sideview

of skeletons of diiTerent families in the accompanying plates. The expanded

hitend wings of the basispheuoid overlap the posterior end of the parasphenoid

from outside, protecting the pxrasphenoi(Lü cliambcr.

Tlie nasals are more or less elf)ngated flat bones, fii-mly joined to the

anterior margin of the frontals, anil the anterit)r end of these bones rests ou

the palatines.

The preorbitals are also flat, elongated bones with an articulating surface
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at the dorsal margin to fit to a latersil ventral process of the prefrontal. The

dorsal margin of these bones is rather .thick, but the ventral margin is very

thin. These bones protect the lower side of the eyes.

The suborbital ring of bones is more or Jess conspicuous in the Scombridae,

but in the other groups of the so-called scombroid fishes the ring is inconspicuous,

as the bones of the ring are not much differentiated from scales on the cheek.

Jaw Bones.

In the Scombroid fishes the promasillary is a long, curved bone, with a

long thick head. The bone becomes gradually narrow behind, and without

any marked prominence or groove. In the Scombridae the bone is very thin,

slender, and its head is low and blunt. In the Cybiidse it is massive, and

its head is also low. In that family in general the anterior end of the

premaxillary is sharply pointed and the dorsal tip of ite head is oblique and

pointed. In the Plecostei the anterior head of the premaxilliiry is large,

blunt, and thick, while the remaining part is laterally compressed, and

compai'atively narrow.

The maxillary is also a long, curved bone with a thick hollow head, lying

ou the premaxillary. The shaft of the bone is thin and naiTow at the

posterior end, but thick and grooved at the anterior part. In the Scombridi»

tlie maxillai-y difi'ers gi'eatly from tkat of tlie other scombroid fishes. The

head is small, its excavation shallow, while the shaft is uniform!}- flat and

broad, and has an indentation at the posterior ventral margin. The dorsal as

well as the ventral margins of the bone are trenchant. In the other scombroid

fishes the dorsal margin of the maxillary is generally rounded. In the Cybiidas

the head of the maxillary is generally low, grooved at the venti-al side for the

greater pai't, and the posterior end of the shaft is broad and flattened. In

the Plecostei the • maxillary has the head thicker and larger, and the dorsal

margin of the shaft is trenchant in the middle, the ventral margin more or

less grooved. The auxiliarv' bone to the maxillary, called jugal by MAsrau-

.\rAN, is very small, naiTow, and insignificant in the Scombrida) ; but in the

other families of the scombroid fishes it is comparatively Lxrge and bnjad. It

is ix)inted at the anterior end and attached to the dorsal posterior corner of

the maxillarv.
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The paliitine lies on the extoriLil side of the vomer and holds the hoinl

of the masilhiry fiist, with the bent :iud nearly hifurcjited anterior end. In

the Scombridne the bone is nejirly fiat in the plane of the mesopterj-goid ; 1 >ut

in the other scombroid fishes its free ventral margin is generally armed witli

teeth on a ridge, projecting and more or less vertical to the principal part /of

the pah^tiue, and also to the plane of the mesopterygoid.

The pterygoid is generally a T-aluiped bone, united to the palatine with

a slender horizontal shaft. The posterior end is expanded and joins to the

inner side of the metapterygoid and quadrate, with a rough surface.

The mesopterygoid is a flat thin bono united to the palatine and

ptt^rygoid, and rests on the parasphenoid with the? internal free margin, v It is

veiy remarkable that the bone is armed with an elliptical patch of: villous

teeth at its centre in the Tliunnidie, as the bone is not armed with teeth in

other fishes.

The hyomandibular is a stout bono, with a broad up^x^r portion, and a

more or less rod-Uke lower portion. The broader jwrtion has three conspicuoiLs

condyles, of which the anterior and middle are for the cranium, and the

IKsterior one for the opercle. In the Scombridas the hyomandibular is broad,

Fig. B. External view of the hyomandibulnr. 1, Scomber jnpimicus; 2, AcatMocyliiwn sotan-

dri; 3, Cyb'mvi niiihwnum; 4, Sarda orientalis; 5, Xeothunmis macropterus; 6, Eatsuironns pelamis.
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;iucl tluj anterior margin of the upj^ier broad poi-tion convex and entire. Tlie

condylar protuberances are rather small, not prominent, the anterior one

scarcely produced beyond the broad lamellar part, but the posterior one

remarkably outstretching liehind. Moreover these protuberances are nearly in

one plane. The stem of the hyomaulibular is grasped by the bifurcated end

<jf the metapterygoid. lu the CA^biidiTB the upper portion of the hyomandibular

becomes narrow, and the anterior ct)udylo is couspicuously produced beyond

the lamellar portion. The lower portion is rod-Hke, and the exterior longi-

tudinal ridge for the attachment of the preopercle is rather jirominent, and is

]iroduced sometimes beyond the dorsal margin of the broad portion. The posterior

condyle approaches the middle condyle, and the former is more or less turned

exteriorly. A small pointed process is found Ijehind the middle condyle iu

the scombroid fishes, except iu mackerels. Tlie anterior vertical margin of the

upper portion is free ; but its lower margin is horizontal and dentate for tho

articulation with tho metapterygoid. Iu the Plecostei the lamellar portion

has become very narrow, but the lower articulating margin for the metapterygo'd

is broad, sa that the lower margin gi-eatly projects. Tlie lower poi-tion is bent

a little forward, and is flat and broad, especially iu the genus Attxis. The

exterior posterior longitudinal ridge for the attachment of the preopercle is

oblique, and does not reach the dorsal mai'giu of the broad part. The small

secondary ridge is developed behind the first, anl below the posterior condyle.

Tho last condyle is best developed- and is turned exteriorly. The process

t;an-ying the anterior condyle is more or less rouudish in cross-saction in

Tlmnnus ; but more or less flattened iu ParcdJtunnus and Xeothunnus, and in

the KatsuwouidiB the process is tm'ued at the dorsal and ventral margins. The

lower half of the hyomandibular is broad, flattened, and very thin in the

Katsuwoiiid».

The metapterygoid is a bn)ad bjU(\ with the dorsal cud bifurcated to

gi'asp the stem of the hyomandibular, and bordei-s the quadi'ate with a broad,

smooth margin, being connected with a narrow intervening cartilage. The

shape of the bone differs only a little in diflerent kinds of the scombroid

flshes. Li RaslrcUifjcr this bone is attached to the ptarygoid. In Scomber

the inner branch of the bone extends even over the preopercle. Generally

spaakiug tlio bifurcation of the bone is not conspicuous in the C'ybiida?. Tlie
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mot!i|5terj'goid and qwadnite are firmly connected by the intervention of the

pterygoid and symploctic, wnth which they unite with zigzag sutures at the

inner side.

Tlie quadrat« is a flat ti-iaugulai- bone, with a stout, movable, saddle-

shaped j lint at the autei-ior angle tj articulate with the lower jaw. At the

lower side thoi-o is a sliallow groove to receive tin lower, anterior poi-tion of

the preopercle.

The symplectic is a small bone, styliform at the anterior portion which

is wedged into the lower part of the quadrate, more or less flattened at the

pDsterior part, but tliickoned a*; tlie loAver margin, and connected with tiie

lower end of hyomandibular by a cartilage.

The articular is a stout lx)uo with a long pointed middle process wliich

is partly sheathed in the dentary, two diverging processes at the dorsal and

vcntrid sides, and a largo concave articulating siu^Eice for the cpiadrate, above

the Icnob at the hind end.

The angular is a very small bone, firmly joined to the lower posterior

corner of the articular.

The dentary is laterally compressed, forked behind, and always carries

only a single row of teoth at the trenchant edge. In the ScombridiB the

two branches diverge beMnd, the lower branch being equal to or a little

longer than the upper branch. Moreover the lower branch is broader than

the upper in Scomber. In the Cybiidae the bone is comparatively nan'ow, not

diverging, and the lower branch is rather shoiier and narrower than the

upper, except in Sarda and Gymnosarda. In these genera and also in the

Plecostei the bone divei'ges ; but the lower branch is narrower than the

upper, and the two branches are nearly erpial in length.

Opercular Bones.

The opt;rcle is a flat bone, more or less traxx^zoidal in form, articulating

t(j the hyomandibular, and is situated behind the preopercle, .and above the

subo^xTcle. The opercle is rather larger, as the gill-opening is very wide. The

anterior angle of the bone is fjnned by the articular cup for the hyomandi-

bular, and the posterior angle is the dorsal end of the lino of union with the

suhopercle. Generally the dorsal and ventral anterior margins and the diagonal,
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Kg. C. External view o£ tlio upercle. ] , Scomber jiii.cmicus ; 2. Cybium nipliordhm ; 3,-ßai-da

orkntalis
; 4, Gymnosarda nndn. ; 5, Thumms orientalls ; 6, Auxls mam.

Fig. D. External view of the Bubopercle, 1, Scomber japonicns ; 2, Cybium nip/iüjii'jm ; 3,

Sarda orvntalis ; 4, Gymnosarda nuda ; 5, 'I'hunmis orienialls ; 6, Neotlammis macroptefM

;

7, KatsutBomis pelamin ; 8, Axixis maru.
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connecting the anterior and jxjsterior angles are strengthened Iiy tliick

ridges. In the Soombridaj the oi^ercle is thin, rather uaiTow, and the lower

angle is acute, while the upper and posterior angks ai'c rounded. The dorsal

posterior side has an indentation just above the jxisterior angle. Hie dorsal

]X)rtion i. e. the pn-tion above the horizontal diagonal is snaailer than the

ventral portion. Tlie articular cup is more or less romided with a sliarp tjotli

at the anterior dorsal uiargin. In tlie Cybiidaj the opercle is rather broad,

and more or less iJentagoual. The dorsal portion is smaller and thinner than

the ventral. The dorsal angle is roimdixl, and the posterior sides are more

or less seiTatcd. The ventral anterior side is not sti-aight. Tlie articular cup

is narrow and elongate. In the Plccostci the opercle is tliin but firm, and

nearl)- quadrate in form, so that the dorsal and ventral portions are neaily

equal to each other. Tlie dorsal anterior side is concave. Tlie articular cnp

is ellipsoidal.

The suboperde is more or less triangular, its upper side being overlap^x^d

by tlie oi^ercle, and the anterior side by the interopercle, while the posterior

side remains free. lu the Scombridso the subopercle is very narrow, and

bifurcated at the dorsiil end. The anterior branch is short and pointed. In

the Cybiidae the bone is broad, its anterior branch is also broad and some-

times two-homed, except in Sarda and Gymnosarda. In the Tlumuidse the

anterior branch is abortive and the whole bone is netu-ly obovate. In Thunnns

orienlalis and also in Th. thynnus of the Altantic, the subopercle is more or

less crenulated or concave at the anterior margin ; but in other tunnies the

anterior margin of tlu; suboi»rcle is convex. In the KatsuwonidsB the anterior

branch is produced auteriorly and nearly horizontally, ending with a blunt

end.

The interopercle is an ovate bone, forming the ventral free margin of the

giU-cover with fine serratiu-e. The bone is connected by a hgament to the

posterior end of the hyoid arch. The interopercle of TImmws orientalis Ims

its posterior margin convex, while that of the other Japinese timnies k« its

posterior mai'gin nearly- sti'aight.

The preopercle is a lai-ge bent bone, of which the vertical limb fits

closely figainst a groove of the outer nuirgiu of the hyomandibulai', and the

horizontal limb to the metapterygoid and quiwJiate. In the Scombridie this
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bone is the largest operculax bone, broadest at the middle, and tapering

gradually and neai'ly equally towards both extremities. In the Cybiidae

the horizontal limb is wide near the dorsal end. In the genus Cybium the

preopercle is very broad at the lower postärior angle. In the Tliunnidae the

horizontal limb is well developed ; but smaller than the vertical. In the

KatBuwonidse the horizontal limb is better developed than the vertical, and

both limbs taper nearly equally towards the extremities. The posterior and

venti'al margins of the opercular bones are attenuated and roU inward when

dried.

Hyoid Arch.

The glossohyal is a small median bone, embedded in the substance of

the tongue, with a narrow cartilage at the broad anterior end. In the

Scombridfe the bone is especially snuiU, and more or less spatulate. In

the Cybiidaa the bone is generally rod-hke, thick at the proximal part ; but in

Sarda orientalis it is spatulate. In Qymnosarda nvda the glossohyal is nearly

covered from both sides with the inner edge of paired semicircular dentigerous

ossicles. The front mai'gin of the glossohyal is neai'ly straight in the

Plecostei. In the Thunnidte the glossohyal is spatulate, shghtly concave above

and below, and constricted at the posterior end. In the Katsuwonidae the

bone is also spatulate, slightly concave in the cross-section.

The hypohyal forms the symphysis with its fellow of the other side

<5a

Fig. E. External view o£ the hyoid arch. 1, llasirdliger chrysozonus ; 2, Scmiber

japoniats; 3, AcnnthocyUum solandri; i, Cybium mpltonium; b, Sarda orienlcUls ; 6, Qymnosarda

7iuda ; 7, Neothunnus macropterus ; 8, Katsuicorais pelamis.
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bebiud the glossoliyal, and is composed of two pieces, upper aud lower. Tlio

former is nanx)w, while the latter ia broad. In the Scombridje the lower

piece has a pair of processes at the posterior margin, growing just in opposi-

tion, to grasp the anterior end of tlie ceratohyal. The inner process is broader

than the outer. In the Cybiidae the lower piece rest partly on the anterior

lower process of the ceratohyal. In the genus Cybium the postei'ior upp^r

comer of the up]Ter piece is produced to a pointed process. In the ThunnidiO

the upper piece is largely covered by the lower piece from the exterior side.

The posterior margin is nearly straight. In the Katsuwonidce the lower piece

Las a posterior process which fits tightly to a hoiizontil slit at the anterior

part of the ceratohyal.

The ceratohyal is a long flat bone, broader at the posterior end. Four

anterior branchiostegals are attached to this bone. In the Scombridre ;xnd

Cybium, the dorsal siu'face of the ceratohyal is nearly sti-aight, while in the

other scombroid fishes it is concave.

In the ScombridcB the anterior margin of the ceratohyal is nearly straight

;

but in the other scombroid fishes this lx>ne lias a long process fi'om the

anterior lower margin. The ceratohyal is united with the epihyal by means

of many fine teeth fi'om both bones, and also the cartilage lying between

them. Tlie teeth are larger and more numerous on the inner side. On the

external side and near the upper margin there is a narrow groove to receive

blood-vessels. In the Cybiidie the ceratohyal unites with the epLhyal by

means of long teeth on both the inner and outer sides, except in Sir da and

Gymnosarda. In the latter genera the outer teeth are not found. The groove

for bluod-vessels is distinct, and sometimes a part of the gi'oove is pierced, as

in Cybium niphoimim and Gymnosarda nuda. In the Thunnidse the tooth-like

processes for the aiiiculation with the epihyal are found on the inner side only,

as in So.rda and Gymnosarda. At the venti'al margin we find two or

thi'ee projeetioijS, which are inconspicuous in the Cybiidfe. The vascular groove

is indistinct, but in TInmmts and Paratlmnnus a slit is found in the place.

In XcotJcunnus a gi'oove or a slit is hardly visible. In the Katsuwonidte

tooth-like processes for articulation are found on both sides. No sUt nor

groove is found. Tooth-like processes at the venti'al margin are rather

conspicuous.
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The epUiyal is a flat, fciiaugiüar bone united anteriorly by means of long

and fine tootb-like processes with the ceratohyal, and posteriorly with a joint

to the stylohyal. This Iwne carries three branchiostegals. The vasc-ular

groove near the upper margin is distinct in the Scombrida3 and Cybiidfe ; Init

indistinct in the Plecostei. The bone is short and broad in the Plecostei,

especially in the Katsuwonidse.

The interhyal is a small bone, connecting the hyoid arch through an

intervening cartilage Avith the hyomandibular and the symplectic. In tlie

Scombridse the bone is styliform, more or less flattened below, in the Cybiid»

broad and more or less flattened, in the Thunnidse flat, nearly ti-iangular with

a lamellar extension on the posterior side, and in the Katsuwonid;e flattened,

and more or less rec-tangular in shape.

The ra-ohyal is a median, laterally compressed, elongated bone gi'adually

widening posteriori}'. It is joined to the hypohj'als at the anterior end, but

free at the posterior end, fui-nishing a sm'face for the attachment of the muscle

of the isthmus or the throat.

The branchiostegals are flat, slender, cm-ved bones, spanning the

membraneous fringe at the mouth of the gill-slit. They are seven in nimiber,

and are longer, broader, and more curved posteriorly.

Branchial Arches.

The branchial arches suj^port the gill-lamellffi, and are situated below

the cranium, enclosed within the hyoid arch. The general aspect of the

branchial arches seems to differ only a Uttle in different groups of the

scombroid fishes; but if we examine these arches more closely, the diflerence

among the different groups becomes very distinct (fig. F).

The basibranchials (fig. G) consist of three ossicles in a linear series

along the median line. The firet is joined to the ceratohyals of the hyoid

arch by means of a cartilaginous front end. The second is generally shoi^test,

and the third longest. The second has an obhque groove on each side for

the attachment of the fii-st branchial arch. The third ossicle has also an

oblique groove for the attachment of the second branchial arch near the

anterior end. In the Scomltrid» the basibranchials are narrow, laterally

compressed, and more or less sti-aight. The grooves for the attachment of
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Scomber japonicus Oyhium niphonivm Thunnus orientalis Kutsuwonus pelamis

Fig. F. Dorsal view of the branchial arches, and the siile view of a detached gill-raker.

brancbiftl arches do not reach the doi'sal margin of ba.sibrauchials, so that the

upper margin of the basibrauchials Ls liigher than that of the branchial arches.

In Scomher joponicu^s the fii-st basibranchial is nearly so short as the second,

and is bent a little downward. In Rastrdllger chrysozomts the fet basibranchial

is the longest, stiaight at the dorsal margin, whUe the second and third are

short and nearly equal in length. The third ossicle is bent downward at the

posterior half. In the Cybiidae the gi'ooves for the attachment of branchial

arches reach the dorsal margin of the basibranchials. Tlie anterior end of the

fhst basibranchial is more or less thickened. The second is bent downward

at the middle. In the Thuunidae the groove for the attachment of branchial

arches are very deep and reach the dorsal margin of the basibranchials.

The third Vasibrancliial is horizontally flattened. In the Katsiiwonida) the

basibranchials are laterally compressed and narrow. The anterior half of tlie

fii-st bii;Sibranchial ascends, and the tlurd is Ijent downward near the posterior

end.

The branchial arches are armed with villous teeth, densely growing on
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Scomber japonicus Hastrelliger chrysoTonus Cybhwi commerson

Sarda (»ientalix Gymnosarja mida

Thunmis orientalis EuViynnus yaito

Fig. G. Dorsal, lateral, and ventral views of tlie basibranoliials.

small calcareous pieces on these arches. In the Scombridse the upper, anterior

paai of the basibranchial ridge is almost naked, being protected with a few

calcareous dentigerous pieces. The villous teeth on the pharyngeal bones are

nearly equal to those on the branchial arches, contrasting to the coarser teeth

on the foi-mer in the other scombroid fishes. In the Cjbiidse dentigerous pieces

are arranged in two rows, meeting at the dorsal median line of the branchial

arch. In the Plecostei two rows of dentigerous pieces meet near the internal

comer of the branchial arch.

The hypobranchials are short, joined to the sides of the second and tliii'd

basibranchials, and are gi'ooved on the outer or ventral side. Thoy are not

found in the fourth arch.
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Tlie ceratobranchiiils are very long, snbequal iu leugtb, more or less cuned

upward, and gnwved on the venti-al side. They are narrow in the Scombridao,

and narrow and compressed iu the Cybiidro, especially in AcanthocijUum. In

tlio ThunnidiD they are more or lc>ss compros.setl at the anterior poiiion, but

rather flattened at the posterior. In the Katsuwouidio they are more flattened.

The epibranchials are short, much curved, and often twisted. They are

rather elongated iu the Cybiidre. Tlio curving and twisting of these ossicles

are remarkable iu the Scombridse ; but they are rather elongated in the

CybiidsG.

Tlie upper and lower pharyngeals arc broad in the Scombridaj, but iu

tlie other scombroid fishes they are naiTow.

Pectobal Gikdle.

The pectoral girdle consists of a series of membrane bones, connected with

the skull at the upix-r part, foriuiug the anterior border of the abdominal

cavity, and at the same time supporting the pectoral fin, it receives the

hypaxial portion of the lateral muscle from the cephalic region and some

succeeding anterior myotomes.

The post-temporal is a small forked bone. The dorsal l)ranch is flattened

and rests on the epiotic, while the ventral branch is articulated to a meditxn

knob of the opistliotic. The ventxul branch is round or oblong in cross-

section and hollow at the anterior end. The branch is produced to a short

process posteriorly. In the Scombridae we find a long free bifid process

between the dorsiil and venti-al branches and exterior to the dorsal branch.

In Acaiühocijhmm a similar forked auxiliary process is found, partly

attached to the exterior side of the dorsal branch. Iu the other forms of the

CybiidiO, the auxihary process is not found, and the cross-section of the

ventral branch is oblong. The dorsal and ventral processes are connected

at their root with a thin lamella. The posterior lamellar portion of the boue is

produced forward very httle. The interior ridge, continuous to the ventral

branch ends with a free point in the genus Sarda.

In the Plecostei the post-temporal is well developed, and the interior ridge

continuous to the ventral process ends with a free process. In the Thuuuidas

the ventral branch is thick and rounded in cross-section. The lamellar portion
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has the front margin nearly vertical. In the Katsuwonidae the lower anterior

corner of the lamellar portion is well produced, except in the genus Euthynnvs.

The supraclavicle is a small elliptical bone, more or less pointed at the

anterior end, and thickened at the lower nuirgin. At the anterior pai't this

bone fits between the posterior process and the lamellar portion of the post-

temporal. The principal part of the supraclavicle rests on the dorsal extended

part of the clavicle. On the irmer side of the neck of the supraclavicle a

strong hgament, which I shall call the clavicular ligament, is inserted with a

broad attachment. The ligament connects the axial skeleton with the pectoral

girdle. In the Scombrida? the anterior neck and the exterior vascular gi-oove

are not conspicuous ; but the inner venti'al ridge is well developed. In the

CybiidfB the neck is not distinct, except in Sarda, neither is the inner venti'al

ridge «veil developed. The vascular groove is faint and foimd in the anterior

median part. In the Thunnidse the neck and the inner ventral ridge are very

conspicuous. The shallow, vascular gr.iove is found at the posterior lower

margin. In the Katsuwouidse the bone is nearly the same as in the preceding

family ; the vascular groove is deeji and conspicuous. In Eidliymnis and

Auxis, moreover, a lai'ge tendon is inserted just behind the attachment of the

clavicular hgament. The tendon is the terminus of a hypaxiixl siiuill cone of

some anterior myotomes, about five in number. Thus the supraclavicle

is connected to the axial skeleton with a strong sti-aight, ti-ansverse hgament,

and indirectly with a hyptxial, longitudinal tendon.

The clavicle is a large curved bone, broad at the dorsal end, thin and

pointed at the ventral end. The main stem con-sists of two wings, the exterior and

interior, which meet at the anterior margin. At the dorsal anterior cxjmer there is

a pointed process. In the Scombridie the exterif)r wing is neaily vertical to the

interior wing at the anterior part, and the lower anterior extremity is turned more

or less externally. In the Cybiidae the exterior wing is wide, and is bent

backward with an acute angle, and the posterior margin of the exterior wing

is piU'allel to the interior wing. The anterior margin of the bone is mostly

rounded. In the Thunnidse the exterior and intoiior wings meet in an angle

approaching a right angle, and the exterior wing is not well developed at the

lower half. The exterior wing is pnxluced interiorly beyond the anterior

margin of the lx)ne, at the doi-Sid part, with the same inclination. In the
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KfttsuwouidsB the exterior wiiipj is luvirly voiiicsil to the interior wing, and

there is a groove nlong the external margin of the exterior wing.

Between the poiutecl process and the posterior laraellox part of the dorsal

end of the clavicle there is a narrow sht, through \\liich the trausvers«

clavicular ligfimcait, binding the axial skclotDii with the snpracLivit-le paast^.

'I he pistorior margin of the p)iuted proi'e35 is romidecl and smooth. To tho

I'lavicular ligament, a small ligament joins running along the anterior margin

of the broad dorsal end of the clavicle.

Tlie hypercoracoid is a small flat bone articulated to the clavicle at the

upper, interior side, and has a round foramen near the c*;utrc of the bone.

The hypocoracoid is united to the hypercoracoid above and also to the clavicle

at the dorsal anterior comer. In the Scombridae this bona has an externiil

longitudinal keel, and the lower stylifjrm process is long and nan'ow. In tho

Cybiidae the lx)ne is broad and has a

median longitudiujil gi'oove, or rather

the bone is bent externally along the

longitudinal axis. The lower process is

rather broad. In Oßnum and Sarda

the central foramen is very small, but

it is large in Acantlioajhiwn and Gym-

nosarda. In the Plecostei the lower

process is broad, uniformly thin,

and folded more deeply than in

the Cybiidae. Four actinosts basalia

or brachial ossicles are fjund upm

the hypercoracoid and liypocoracoid

to support the pectijral fin. They

become larger as they approach

posteriorly. In the Scombridiie there

is no foramen between the last ossicle

and the dorsal posterior process of

the hypercoracoid ; but in all the other scombroid fishes we find a foramen

there.

Tlie postclavicle is composed of two pieces of bones, and protects the

Fig. H. F.xtemnl view of the left lower

piece of the postclavicle.

], Scomher japonictis ; 2, Cghium nip'ionUiin

3, Thxnmis orienlalis ; 4, Kattiuwoims pelamii.
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dorsal posterior base of the pectoral fin. The upper unterior piece is lamellar,

more or less kidney-shaped in outline, and is bent near the ventral posterior

end. Its ventral margin concave, and the doi-sal convex. The lower posterior

piece is rather broad and lamellar at the anterior part, generally Nnth an

ascending pointed process, and a long stj'liform process Ijehind. This lower

piece (fig. H) has more characteristics in different forms of fishes than the

upper. In the Seombridae the lamelliform portion is comparatively large, and

the styliform process suddenly narrows and bends upward. In the Cybii-

dae the styliform process is rather broad and straight, while the lamelli-

form portion is rather small and flattened. In the Plecostei the lamelliform

poition makes an angle with the styliform. In the Thuuuidae the angle or

the bent portion is raised and thick, and the stylifoi'm portion very short. In

the Katsuwonidae the styliform portion seems as if joined to the lamelliform

portion, at the inner side near the ventral margin. The styliform jwrtion

is long.

Pelvic Girdle.

The so-called pelvic girdle is a pair of bones united at the median line,

imbedded free in the ventral part of the abdominal wall. Each lione consists

of three parts : —anterior, external portion ; anterior, internal portion ; and

posterior styliform portion. The first named portion is largest, and serves for

the attachment of muscles. The last two portions meet, with roughened sur-

faces, their fellows of the other side. The portion of the pelvic gii-dle where

the ventral fins articulate is thick and transverse. The anterior external por-

tion is most well developed and most complicated. In the posterior half of

the portion we distinguish three wings; —external, internal, and ventral.

In the Seombridae the i^elvic girdle is quite small. The anterior external

portion is elongated and bent upward, with its external and internal wings

meeting in one plane. The venti-al wing is short and small. The anterior

internal portion is thin, slender, and has nearly the same length as the ventral

wing. The posterior styliform process is also very short. In the Cybiidae the

anterior external portion is long and straight, more or less vertical at the

anterior part, and the cross-section of the posterior jjart is tiiradiate. The

anterior internal portion is short and slender, about one-third of the external
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ixartiuii ill Icnj^Hi. llie

l^xjstcrior styliform process

is rather short. In Gymno-

sarda the cxtcrruil wing

of the anterior external

iwrtion is turned obliquely

towards the external, ven-

tral side, and is not thicken-

ed nor folded at the

extenml margin. In the

Thunnidae the pelvic girdle

is very strongly developed.

The anteiior external por-

tion is broad, rather thick,

and the dorsal exterior

margin is also thick and

folded. In this family the

external and ventral wings

of the anterior external

portion are nearly in one

pLtnc, and the internal

wing is united to the

middle of the plane, formed

by the other two wngs.

The external wing is folded

at the external margin. The anterior internal portion is a little longer than the

venti'al wing of the anterior external portion. In the Katsuwonidae the pelvic

girdle is more specialized. The anterior extenml portion is thin, and fan-shaped,

with a thick extenml margin. The anterior internal portion is more or less longer

than the outci', especially in Euthynnus and Auxis. The styhform process is very

long and laterally compressed. Fin-rays are directly articulated to the thick

^»rtiou where the three diffei'ent portions of the ai'ch meet.

SfOH.&er }aj)on\f,us

Cybium niphonium

Saräa orienialis

Gymnosarda nuda

Thunnus oriental is

Katsvwonvs pdamis

Aux'ix maim

Fig. L Ltft external view of the pelvic gir<ile.



336 kamakichi kishenouye

:

Vertebral Colujix.

The general feature of the vertebral column of the different ty^ies of the

scombroid fishes may easily be understood by examining Plate XIV, showing

the middle ti-ausveise section of veiiebrae.

In the Scombridae (fig. 30) the numbei' of vertebrae is not large, being

31 in total, and the number of the precaudal vei'tebrae is nearly the same as

that of the caudal. The vei'tebrae are small, longei' than broad, nearly equal

in size and form, and are articulated with each other rather loosely by mestus

of short, small zygapjphyses. In Scomber Japoniciis, however, the anterior

zygapophyses, both supaior and inferior, are very broad in the caudal vei-tebrae,

and then' anterior margin is divided. The articulating surfaces of the first

vertebra with the skull are two, sepai'ate, and tmTied axially, just opposite to

the ordinary case. Thus a i^air of stout processes at the dorsal comei' of the first

vertebra gras^DS the posterior end of the basioccipital (fig. 30, C). The nem-al

spine LS nearly equally slender, throughout the whole length of the vertebral

column, and the first spine is never free. The anterior concavity of the

vertebra is a little shallower tlian the posterior. The nenriil and haemal spines

are nearly sti'aight, oblique, and genenxlly thcj are compressed auteroposteriorly.

The parapophyses are not develo^xid, and the haemal spine is scarcely developed

in the precandal r^on. Almost all the i^recaudal vei'tebrae have theh" neural

canal divided into two. The lower canal is for the spinal cord, it is entirely

covered by a bony roof, separated fi-i )m the upper canal for the dorsal ligament.

The lateral transverse ridge in the anterior precaudal vei'tebrae is quite peculiar

to this family (fig. 7). Tlie last vertel>ra is not fused with the hypui-al bones.

In the Cybiidfie the total number of vei'tebrae is vei'y variable, generally

over forty. The least number of them in my collection is thh-ty one in the

genus Grammatorcymiß, and the maximmu uumlier sixty four in Acanthoci/bivm

solandri. The relative numljer of the precaudal and caudal vei'tebrae also

varies. Generally the precaudal vei'tebrae are less in number than the caudal.

In Acanthocijbium solandri and Sarda o)'ientalis, however, the pi-ecjiudal vei'tebrae

are more numerous, wliile in Sarda ckilensis and Gymnosards nuda the number

of vertebrae in both regions is exactly the same. Vei'tebrae ai'c generally very

short, disk-like near both exti'euiities of the bixly (fig. 41). In most vei'tebrae
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six longihuliual grooves arc found; —dorsul mediau, vcutnil median, and two

IMvirs of lateral gi-ooves (figs. 8-12). Tlie vertebral oolumu of AcanthoojUwii

^dandri (figs. 10, 39) aud Gijhhim Icoreanum is dlflercut from that of the f)tlior

foiTus iu liaving tbi-ee lateral gixjoves instead of two. Tlie first neural spine is

not always fused to the ceutnmi, nor forms a comjilete ring at the prosiniul

part, for the spinal cord. In the genus Sarda, however, the detachable neiu-al

spine of the firet vertebra foiius a complete ring, l)eing fused at the lower end.

Some anterior nem-al spines are broad and sti'ong. Tlie other neural aud liaemal

spines are sleudei" and weak, and in the middle of the body the}' imite to the

centrum of vei-teln-ae almost peiioeudicularly at least at their insertion (figs. 39,

41, 42), except in Cyhium chinense (fig. 40). They are not compressed laterally.

The last vertebra is coalesced with the hj^jm-al lx)nes aud forms a lozenge

shaped Ixjue, with a small mcchau notch at the ^Kisterior margin. Transverse

in'ixÄSses are not developed, but haemal processes and haemal spines of some

length ai-e foimd in many precaudal veiiebrae (fig. 38-42). Some of these

spines axa tmiied autei'iorly iu Cyhium ni2)lionium aud Gymnosarda nuda. The

hypiu^il process of the last haemal spine is notably prominent, aud the

vertebrae iu the caiKhxl ^»dimclo are remarkably small, gi'atlnally nanuwing

backwaixls, except iu the genera Sarda aud Gymnosarda. In these genera

the hypural process of the last haemal spine is uaiTow and the veiiebrae of

the caudiil i>3duucle are not modified iu size, but iu fonu, l)ecoming quadi-ate

prismatic, with their nem'al and haemal spines broad aud flat, as we find iu

the Plecostei. These spmes project backward nearly horizontally, aud firmly lay

hold of the succeeding vertebra. Iu these vertebrae the lateral ridges are

remarkal)ly developed to the lateral keels (figs. 11, 12). Iu these cases the

two vertebrae preceding the last vei-tebra are small and flattened anteroposte-

riorly and are capable of lateral movement. The inferior forameu is develo^jed

in some caudal vertebrae ; but generally it is small aud iucouspicuoas, os^xcially iu

the genus Cylnv.m. In the su^x^i-ior zyga|X)physes both the anterior aud jxisterior

pairs are Uu'ge. Iu the Scombridae aud Cybiidae the haemal canal of preciiudal

vertebrae is suddenly reduced in calibre in some anterior vertebrae. This is

due to the exclusion of the cardinal vein from the haemal caruil.

In the Plecostei the total number of vertebrae is thirty rane, except in the

genus Kaisutvonns, which has fortj-one vertebrae. The vertebrae are articulated
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together so firmly that the vertebral coliunn allows little motion to eithei" side.

The free later.ol motion of the vertebral column is possible only at the root of

the caudal fin, where two vertebrae (the last but one and its antecedent) are

remaa'kal)ly thin, and their neiu-al and haemal spines are long, diverging, and

flattened at the root. GeneiYiUy the number of the precaudal vertebrae is nearly

equal to that of the caudal. The vei-tebrae are 18 + 21 in the Thunnidae, 20

+ 21 in the genus Katsmvonns, and in the other genera of the Katsuwonidae

20 + 19. The relative number of the precaudal and caudal vertebrae is often mis-

taken, as the haemal spine is also vei-y well developed in the precaudal vei-tebrae.

Moreover, it is remarkable that the haemal spine of some anterior precaudal

vertebrae is turned forward in the Thunnidae (figs. 49-52, 64). In Aiixis the

epihaemal spine is also turned forward in the caudal region too. Thus

Katsuivonus has the same number of caudal vertebrae as the Thunnidae, and

the numljor of the precaudal vertebrae does not differ from that of the other

genera of the Katsuwonidae. In Günther's catalogue less numbei's of vertebrae

are recorded ; but this I am inclined to beUeve to be erroneous. Vertebrae

differ greatly in shape and structure in the different parts of the body. They

are much modified near both extremities of the body; but they ai"e com-

paratively simple and hght at the middle. It is noteworthy that the haemal

spine is very well developed in some precaudal vei'tebrae too, so that when

ribs are detached it is rather difficult to distinguish them from caudal vei-tebrae.

However the haemal spine of the precaudal vertebrae is broad, thin and laterally

c impressed at the distal end, for the attachment of ribs, and it is of course

shorter than that of the anterior caudiil vertebrae. It must be noticed also

that the haemal spine of some anterior precaudal vertebrae is turned forward

(figs. 49-52). Each vertebra has a pair of short pointed lateral apophyses at

the anterior margin of the insertion of the intermuscular bone, especially well

developed in the caudal vertebrae. These apophyses serve to keep the inter-

musculars fast to the vertebrae. The foiur pairs of zygapophj-ses are well

developed, of which the superior prezygapophyses are best developed. In the

Thunnidae the transverse process is well developal in some precaudal vertebra«

(figs. 13, 49-52, 64). On the dorsal surface of these transverse processes, the

head of the intermuscular bones and ribs are inserted close together, the former

preceding the latter. The haemal canal is narrow in Thunnus and Paralhunnus ;
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but in Neothunnus it is nearly equal to or broader than the diameter of the

vertebral column, and it is still wider in Katsuiconus and Evlhynnus (figs. 57, g ;

58, g). In the Katsuwonidae the canal is separated from the vertebral column

by the development of a peculiar median process which I propose to name as

the epihaemjü process. These processes as well as the nem-al, and haemal

pi'ocesses ai'e more or less laterally compressed. The neiu-al and liacmal processes

are greatly bent backward near the distal end in vertebrae of the middle

l^art of the vertebral column. In Auxis the haemal canal is not closed in the

precaudal r^on. In Tlmnnus and Paraihunnns the haemal canal is closed in

the 10th vertebra ; but in Xeothunnm in the 11th. In the Katsuwonidae the

canal is closed still fiurther back : —In Katsuivonvs 12th, in Euthynnus 16th,

and in Auxis 21st.

In the Thunnidae the first vertebra is very short, and is always anchylascd to

the occipital region with a zigzag sutm'e, so firmly that many authors overlooked

its centrum, though they found the detachable neural arch beloDging ,to it. The

anterior margin of the first nem-al spine is not straight, but notched. In

the vertebrae of the Thunnidae the longitudinal grooves are conspicuoas,

especially the lateral grooves. The vertebrae are massive, and are finely

striated at the surface, and the internal part is alveolar. The inferior

foramen as well as the haemal canal are very poorly developed in Thunnus

and Parafhitnmis ; but in Neothunnus they are well developed in caudal vertebrae.

In this fiimily the transvei-se process is develoj^jed from the fourth vertebra.

It is well developed in the following three to five vertebiue, as a short, nearly

flat process with a more or less trenchant edge. In the Elatsuwonidae the first

vertebra difiers but httle in size from the following vertebrae, and is less

firmly anchylosed to the skull, and at the same time the relation between its

centrum and the neiu'al process is much closer, not easily separating from each
'

other. The lateral gi'ooves of the vertebrae communicate with each other near

the axis in anterior veiiebrae of the precaudal r^ion, and in Euthynnus and

Auxia (fig. 15) the ridges between these grooves are poorly developed or

disappearing, thus the vertebral column is much more slender thiin in the

timnies. The mass of the vertebrae is greatly diminished, as the interior

alveolar part is nearly lost, leaving the hard, campact, cortical layer only. The

sm-fiice of the vertebrae is nearly smooth. The inferior foramen is enormously
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develoj^jed, and is found in the precaiidal rt^iou as well in Katsmvonus and Evfhyn-

nus (figs. 57, 58) ; hut iu Auxis tlae foramen is found poorly develo^xKl and in

a few |X)sterior caudal A-ertebrae ouly. In this family a pair of s^iecial

protul^rauces appear iu a few anterior vertebrae. These protulierances lie just

tehiud the superior zA^gapoiibj-ses, and tbej serve to fmiiisb points of attach-

ment to a pail" of strong tendons of the lateral muscle.

Iu the Plecostei the uem-al and haeiual spiues and other processes fi-om

vertebrae for the mutual aiiiculation ai'e well developed. The neiu-al spine of

certain anterior vertebrae is broad and rough for the insertion of muscles,

and in bonitos the neural arch of these vertebrae is perforated with numerous

pores of different sizes. The other neural spiues are long, slender, laterally

compressed, aud nearly vertical to the vertebral column at then origin.

The haemal spine is remarkably well develo^ied iu the precaudal region

in tmmies ; but iu bonitos the spiue is scarceh" develo^ied in tliis region.

However a median spiue of quite new origiu makes its apjiearance in the

Katsuwonidae. It was fii-st described by Staeks (69) luider the name of

pedicle ; but I proj^wse to name it the epihaeuuil pi'oc«ss. The spine is

developed Ijetweeu the centrum and the haemal process or the haemal arch,

and is best developed in the ix>sterior part of the precaudal region. The anterior

superior zygapophj'ses of anterior precaudal vertebrae are long, more or less

lieut inward at the lower margin in the Thunnidae ; l)ut they are more or less

triangiüai- pya'amidal in the Katsuwonidae, and there is an accessory zyga-

jwphyses as in the Scombridae. The anterosui3erior zygapophyses in the

posterior jwrtion of the vertebral column are elongated and flat, both iu the

Thunnidae and Katsuwonidae ; but in the latter family the accessory zyga-

jx)physes are formed lieneath the ordiuaiy zyga^Mphyses to clasp the pasterior

sui^erior zyga^xjphyses between these two zygaixiphyses. In the Thiumidae the

inferior zygaixjphyses are short and jwinted at the end, more or less diverging

fi'oiu the middle of a veiiebra, and they do not come iuto close contact

with those of the next vertebra, as iu the Cybiidae. In the KatsmNonidae,

however, the inferior zj'gapophj'ses of a vertebra are long aud in close contact

with those of the next vertebrae.
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KlBS AXD lNTERMl'SOür,.\R BONES.

The ribs are developed along the iutenml anterior margin of the prccaudal

myotomes, on both sides of the alxlomiual cavity, ninniiig obliqnelj- backward,

to a point wliere the myotome turns to ]x;ud anteriorly. Hence the length and

the direction of ribs are determined by the internal boundary lines of the upi)er

iwrtion of the hypaxial half of the lateral muscle. Generally the rib is developed

from the thud vertebi-a and is xmited either directly to the centnuu or to the

transverse process, or to the distal end of the haemal proceas or the precfudal

haemal spine. Eibs near both extremities of the abdominal cavity axe short ; but

the other ones are nearly the same in length. They are broad, and form the

roof of the abdominal cavity, especiiilly those at the anterior LtIT of the scries.

In the Scomlmdjxe the ribs ai'e slender, roxmdish in cross-section, ncivrly the

same in sha^xj and length, separated &'om each other, and reach quite near the

ventral mediixn line (fig. 1). The intermuscular bones form a series of slender

bones between the epaxial and hypaxial portions of the lateral muscle, and

along the anterior surface of the myotome. They ai'e well developed, slightly

ciu^ed in anterior precaudal vertebrae, their tips reaching the external surface

of the lateral muscle, and are bent backward l)elow the skin. The intei-

muscuhirs are developed from the firet vertebra to about the twentieth in

ScomLer joponicus. In the latter species the intermuscular lx)nes are iusei-ted

just at the base of the haemal arch or process, and seven or eight anterior ones

are long enough to appear on the sm-face of the lateral muscle. The tips of

these long intermuscuLix bones do not overlap each other, and they are at a

Uttle distance above the lateral median line of the body (fig. 1). In the other

scombroid fishes tips of the intennuscidar bones appear at the lateral median

line.

In the Cybiidae the riljs are generally slender, sul equal, and lie close to, but

do not touch each other. In Acaidhocyhivm sdaiidrl and Sarda orientalis some

ribs are very broad. Intermuscular bones are found between some cephalic

myotomes too, and sometimes we find two pail's in the region, both on the

exoccipitals. In the genus Acanthocijbium the intermuscular bones except the first

are attached to the head of riljs, as was observed by Stakes, not on the centrum

as in the other scombroid fishes, and in this genus only the first rib is found on the
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second veiiebra, instead of the third. In tliis family the tips of long anterior

intermuscular bones overlap each other at the external sm-face of the lateral musele.

In Cylitmi the intermusclar bones are scarcely developed in the caudal region

(fig. 6), and the anterior intermuscuW bones are turned more or less up-ward.

In other scombroid fishes the intermuscular Ixjues almost he in one plane. In

Sarda intermuscular bones are very •well developed. They are thick and long

in the anterior precaudal region. In Acardhocybitim solandn the intermuscular

bones are ten in number, and axe fovmd in the precsiudal r<^on only ; but in

Sarda and Gymnosarda they axe found in the caudal paii too.

In the Plecostei the ribs are broad, doreoventrally compressed, and

gradually attenuated towaxds the posterior, internal side. They he close to

each other and do not hang down along the jjei'itoneiun, but they thatch the

roof of the abdominal cavity. In the Thuunidae the proximal portion of

one or two ribs, lying just before and above the root of the cutaneous

axtery, is very slender, so as not to obstruct tlie free passage of the blood. In a

lai"ge specimen of Tlninnus orientalis I found that the fifth and sixth ribs con-

sist of two paiis. The short, slender, proximal paxt lies at the anterior slo^ie

of the hypaxial portion of the lateral muscle, which is rather suddenly developed

from the myotome of the seventh vertebra. Those are probably abnormal.

The intermuscular bones are develop-d from the cephalic region to the candt^I

region, and they are imited to the lateral median line of the veiiebral cohuun,

and each pair at the anterior margin of the centnun of each vei*tebra, except

in the first vertebra, in which these bones ai'e attached to the ueinral arch.

These bones are long, slender, and their distal ends lie at the external sirrface

of the lateral muscle in the anterior pai"t of the body (figs. 2-5) ; Imt the

majority of them have their distal end at the boimdary between the su)^)erficial

dai'k red muscle and the profoimd dark red muscle. The intermuscuLvr bones

foimd anterior to the seventh vciiebra are long, and appear on the SOTface of

the lateral muscle, while those posteiior to the seventh vertebra become short

rather suddenly, and ia the case of Katsnwouidae the List two to seven of

those intermuscular lx)ncs are dividal into two portions (%. 5) ; the pmi

beyond the profound dark muscle is separate from the proximal part jiud these

two paais are connected with a hgament. Intermuscular bones on tlie third

and fom^h vertebrae are fused to the dorsal side of the head of tlic resp native
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riljs, aud luiitctl to thoso vortobnie. In the ThunuifLie the curfe of f5nme

p)stmor ribs lie close on both sidfs of the thick group of interspinoiis bones

of the anal, nud in these the posterior pairs of one side run quite near their

fellows of the other side.

Interspinocs Bones.

In the skeleton of the median fins of the scombroid fishes, we distinguish

three tribes : —(1) that of the first dorsal, (2) that of the second doi-sal and

siual, and (3) tluit of the doreal and anal finlets. Each interspinous bmie

consists of the chstal and proximal segments, and the latter segment is fimiislicd

with latemland sagittal wings. The first intemeural is the longest.

In the first dorsal, spines articulate with the proximal segment, lehind the

wide, doi-sallj 1x7 it distal s^;raent. The posterior end of the proximal

s^mont is also wide and dorsally bent, beliind the point of aiiiculation of the

dorsal spine. The exterior maigin of these dorsally bent pi'rts is often ser-

rated. These dorsallv bent pivts form the wall of the groove for the first

dorsal fin.

In the second dorsal and aui'.l, tlje interspinous bones are anteroposteriorly

compressal, and the divided proximal end of spines or rays grasps the distal

s^ment, and articulates with the proximal segment.

In the region of the finlets, the interspinous bones are elongated antero-

posteriorly, often with tha development of the middle segment. The distal

segment is very small, and is gi'asped by the proximal ends of fin-rays, and

aiiiculates with the proximal segment.

Interspinous bones of the fii"st dorsal txüd finlets are genenilly found one

of each iu eai-h myotome, but those of the second dorstd and anal are

generally two in each myotome. No spmions iutei"spinou3 bones before

the first doreal. The inteispinoas bone of the last finlet of the doreal and

anal wants the pi'oximal segment, and is attached to the posterior end of the

proximal segment of the preceding finlet.

In the Scombridae the interspinous bones are weak and narrow, and there

are some spmions bones between the two doi-sals, one in every myotome, and

the free lower end of the interspinous bones of the first dorstd are ioserted

between the tip of the neural si^ine of precaudal vertebrae. The anterior
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interspinous boues are inserted more than posterior ones. In BestreUiger the

iuterspinous bones carrying finlets have their sagittal wings well developed.

In the Cybiidae the lateral wings of the first dorsal interspinous bone

gradually naiTow towards the dorsal end. The distal segment of the first

doKal intei-spiuons bone is a very small round ossicle. Anterior interspinous

bones ai"e obhque, but those behind the middle of the vertebral column are

more or less vertical.

In the Plecostei (fig. 44) the first dorsal interspinous bone is very well

developed with the lateral wings tiumed anteriorly, and the anterior sagittal

wing is very broad, but the lower part not developed, terminating at the

middle of the lateral wings at the axis. Tlie distal segment in the first dorsal

is broad and tm-ned over upward, and the dorsal posterior end of the proximal

segment is also expanded laterally, except a few anterior intei-spinous bones.

These expanded paiis are tmned up, quite like the distal segments. Some ix)steri-

or interspinous bones of the fii-st dorsal are laterally compressed and want the

lateral wings. In the second doi-sal proper the intei-spinous boues are com-

pressed anteroposteiiorly and two of them are generally found in evei-y myotome,

instead of one in the first doi-sal. Li the Carangidae t^vo or three interspinous

bones are found in one myotome under the first dorsah In each interspinous

bono the lateral wings are better developed than the sagittal wings. In the

second doisal the distal segment is a small narrow bone, inserted between

the bases of the two moieties of each fin-ray. The exterior margin of

the lateral wings is strengthened by the development of accessory ridges. The

interspinous bones of the anal fin difier more or less fi-om those of the second

doi-sal, and resemble rather the first dorsal. The first venti-al interspinous

bone is longer than the succeeding bones, and some anterior ones are fused

together. Most of them have wide lateral wings but the sagittal wings aie

not well developed. The lateial wings increase in width towards the free end,

and suddenly converge toward the pointed exti'emity. Two of these iutei--

spiuous bonos ju'e found in every myotome. Interspinous bones of the finlets

are quite aMke in the dorsal and anal. They aie more or less rod-like iu the

Thunnidao ; but they have lateral as well as sagittal wings iu the Katsuwonidtve,

and in the posterior pui the sagittal wings only are developed. The distal

segment of the intei'spinous boues of the Eecoud dorsal aud amxl is very small,
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ftnd is insei-ted between the two moieties of the fin-ray.

The lattn'a.1 nmrgin of the distrtl stigmcnts and that of the dorsal posterior

end of the proxiuud segment are mostly serrated in the ThumiidiW!, Lut is

strjugbt and entire in the Katsuwouidae.

MUSCULARSYSTEM.

I have chie£y examined the kt^'.ral mnsclt!, the other muscles were scarcely

touchwl. Tlie gi'eat Literal muscle is originally composed of as many transverse

segments as there are vertebrae, and each segment is attached internally to

the respective veiiebra and its processes and ap^xaidages, —neural and

haemal processes, ribs, and intermuscular bones. The first thi-oe muscle-

segments, however, do not correspond to the first three vertebrae, as these

three segments belong to the cephalic, or rather occipital region, where wo

find one or two ansihixry intermuscular banes between them, in the CybiicLie

and Plecostei. These cephalic myotomes are inserted between the foramen

magnum and the pterotic processes of the cranium, and connects the skull with

the pectoral girdle. Hence the fourth muscle-segment or myotome corresponds

to the body-segment of the first vei-tebra. Moreover, some myotomes seem

sometimes to augment by subdivision, in fishes of the Katsuwouidae. In Auxis

one or two auxiliary myotomes are added iu the hypaxiai half. Generally one

anxiliaiy myotome is added near the boundary between the precaudal and

caudal portions. When there is another pusiliary myotome, it is fomid in the

anterior paii of the precaudal r^on, where the cutaneous artery appears to

the sm'fixce of the body. These auxiliary myotomes are Jiot always bilatei'ally

symmetiücal. Moreover two auxiliary myotomes ai'e sometimes found in one

side, and only one in the other. At the caudal region some myotomes arti

coalesced and they are much elongated anteriorly. The myotomes in the caudal

peduncle ai'e united into one in the Plecostei, in the region where the Literal

keel makes its appearance in the vertebrae, and where the neural and haemiil

processes are broad and horizontal. Thus in the anterior part of the adult

fish, the number of myotomes is greater thfin that of the vertebrae, and in

the caudal region the number is reduced from the confluence. The cephalic

myotomes as well as some following myotomes project anteriorly as a triangula^

mass, and their thin, dorsal Umb is bent foi'wards along the dorsal median
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line over the crauium. lu the Plecostei each myotome faithfully follows the

course of the neural mid hasmal processes to their euds, at the inediau long-

itudiuid pliiue, not separating fi'om them ou the way, as is found in some

teleosteau fishes. Each myotome is bent iu a zigzag line ou the surface of

the Ixxly, and may be separated into fom* parts, right, left, dorsal or epaxial,

aud venti'al or hypaxial. The two lateral luxlves of the myotome are weU

separated by a thick membrane, aponem'osLs, spuu ou the axial skeleton and

its processes, and by the abdominal cavity. Tlie membrane is very thick

in the Plecostei. The doreal aud ventral portions ai'e separated liy a

membraue of connective-tissue, counecting intermuscular bones, tendons, and

ligaments.

Iu the Teleostei miBcle-fibres ai'e generally weU discernible from outside

even iu the last myotome (except iu the genus Sarda) ; but in the Plecostei

many caudal myotomes are changed to tendous at the posteiior, esterutil sm'face

(fig, 3). Therefore the exti'emity of the caudal portion looks bluish, M-heu the

skin is removed. In the Plec stei uearly eight last myotomes seem to be

fused into one. In Auxis the tendon of the last myotome is enormously

elongated anteriorly, reaching fcir beyond the anus, to about the middle of the

17th myotome (fig. 2).

The muscular system, as may Ixi supjwsed from other structures, is well

developed and much complicated iu the Plecostei aud allied fishes. The com-se

of the myotome runs at its external surface fi'om the doi"sal median line sharply

backward, then gently forward, aud gently a Httle backward to the lateral

median line; iu the venti'al half slightl3- forward, theu, gently backwai'd, jmd

kistly sharply forwai'd (fig. 3). The backward bend at the lateral mediixu

line is noteworthy in these fishes, in more primitive fishes the l)end is not

found at all. The bend is sharper iu the anterior portion than in the ixsterior

portion of the body. Indeed the zigzag coui-se at the surface becomes more sharply

bent as the iiosition of the fish advances higher, aud at the same time the corneal

forward outgrowth of the myotome is more elongattid. Tlie epaxial conical

outgi'owth is longer than the hypaxial, aud is much more reduced in thickness.

Therefore we find mimy concentric circles of myotomes in the civss-soction of the

lateral muscle, 3 or 4 in the Scombridae, about 10 in the Cybiidive, and 10-

16 iu the Plecostei (figs. 16-19). The backward bend of myotomes iu the
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o|»ixijil micl liypiixLvl portious Las some breadth in the Scombrklao aud Cybii(Lie

(fi«. 6), thurefori; wo find two pamllol traces of couuoctivo-ti&siie fibres, wliich

«)nuect fmuly with tlu3 vortical a^iouourosis, oiishiaitliiiiu; tho axial skoloton

from both sidos of it, just at tlio oud of tho uoiiral aud lu'oiuaJ processus,

where the uiyotomos are very sliarply beut. lu the Plocostei, however, myotomes

are \ei*v tliiu at the poiuts of extoiiiaJ bonihuij; aud thoy aro iuserted to the

axial skelotou at oue liuo of tiiicos. Iii Cijhhim ll»! iiniiilK3r of couos of

myotomes iu cross-sectiou of tlio lateral mnsc-lo is only a httle more numerous

tlian hi Scomber, Imt in S^inJ'i tho uumljcr is almost as mauy as in the

Thmuiida«;. At tlio anterior oud of the Ijcxly the ajxjx of the cones is uciiror

tho axis tlum to tho sm"f;ic-o of tho body ; but iu tho caudal portion it gi'aduaUy

approju'hos the surface. In the KatsuwouitLie (fig. 19) a pari of some imtorior

myotomes envelopes a large teudinous chord from the second vertebra, or rather

a pirt of some anterior mj'otomes forms a smaJl auxihiay coue of concentric

myotomes, which ooids iu a strong tendon attached to the second vertebra.

In Evthynnus and Aiixis another" smaller auxiharj- cone of myotomes round a

tendon Ls hiserted iuto the snpraclavicle (fig. 2).

In the ScombricLie and Cj'biidao and also in tho Elatsuwouidae the dorsal

and vonti"al limbs of the myotome aro more or loss wide at the insertion into

the mediiiu septum ; but in the Thuunidae the dorsal and ventral limbs of the

myotome are veiy thin.

The doi-sal limb of some anterior myotomes always reaches the fi'ont mai^in

of the frontals in the Plecostei, but in the Teleostei it is not always the case.

In fishes the median superficial Litei-al muscle is generally diurker in

colour. Its extent is sometimes very well defined, but sometimes more or loss

indistinct. It is thin aud uaii-ow at the anterior jxirt, but thick aud wide at

tho posterior. This cWk colom^ed portion is ti"i:iugular iu cross-section, and is

bomidod by membi"aues of connective tissue, which are united to the line

connecting the distal end of intermuscular bones. In the Teleostei tendons of

the great Literal muscle ai'o mostly found in the superficial dark coloured

portion ; but in the Plocostei they are found in deeply seated dark coloured

muscles. The deeply seated dark red portion of the lateral muscle is charac-

teristic to the Plecostei. It is called "chiai " or " chimi " in onr country, from

very old times. In 1712 Ryox.vN' Tek.\jima desciibed " chiai " as being foimd
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in two baiicTs in bonitos and tunnies, and being inferior in taste to the ordinary

muscles. In the Plecostei the ordinary flesh is remarkably reddish, as the

special superficial segmentary canals send a copious flow of blood into it (fig. 3).

The dark colour of the median superficial muscle is due to the rich supply of

blood from s^mentary arteries along the intermuscular bones. The darker

colour of the " chiai " portion is also due to the same cause, but from a

different source.

In the Plecostei as the ordinary muscles are red colotu^ed, the median

superficial muscle as well as the deeply seated portion round the axial skeleton

are nearly blackish red as they receive more blood than the ordinary muscle.

The blackish red portion scarcely reaches the centre of the concentric circles in

the cross-section of the lateral muscle. In tunnies the blackish red portion does

not reach the vertebral colmnn in the epaxial portion, but in the hypaxial

p)i*tion it always reaches. This is weU marked in the posterior portion of the

body. The blackish red portion is tliin and flat at the anterior part of the body,

it then Ijecomes gi-adually thick, tliickest at the posterior part of the precaudal

r^on and then being compressed laterally moves towards the surface together

with the centi'e of the concentric circles in the cross-section. The boundary of

the " chiai " portion is quite distinct. In the process of curing, the eurer

observes that the " chiai " portion is liable to separate from the surrounding

portion. In the Katsuwonidae the epaxial portion also reaches the axial skeleton

(fig. 19), and the hypaxial portion has a wide base for the insertion to the axial

skeleton as the dorsal aoiia which supphes blood to the " chiai " portion is more

or less separated from the vertebral colimm by the development of the epihivemal

process. In this family the posteiior part of the superficial lateral muscle is

not so dark as the deeper layer. This is due to the fineness of the cutaneous

artery in the ^»sterior paii. The shape and voliune of the " chiai " portion

vary in different species. In the Thimnidae, Thunnus orientalis has a com-

paratively Lirge voluminous dark red portion, but Neothwmm macrapterus has

a small quantity of the dark red portion. In the Kiitsuwonidae the quantity

of dark red ^xirtion is comparatively huge, especially in Auxis which has about

one fom'th of the lateral muscle daxk coloured. In the " chiai " portion tendons

are well developed, especially in the epaxial portion and in the caudal portion

(fig. 2). In the Teleostei the most active part of the lateral muscle seems to
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be the mcKliiui sn^xn-ficLil part, while iu the Plocostei it seems to be the deeply

seated "cliiai" pirtinn. In the Teloostei the dark coloured portion gfr'w^un.Uy

btioomes broader and tliicker in the caudal portion, passing beyond the hmit

of the median snperficijü lateral mascle. I have examined and foiuid that the

dark red portion contains alx)iit 7 times as much blood as the other portion

in Tinmnns oricrUalis, and about 15 times as much as in Parathunnvs mehaclti.

In Scomber japonicvs the superficisd red muscle contains almost 8 times a?

much blixxl as the other flesh, and in Cijhium niphonium the superficial red

muscle contains 12-13 times as much blood as the ordhmi-y flesh, which is

nearly colourless.

Histolc^cally the dark red portion consists of uniform and fine fescicles,

with many capillaries among them, and theii' mucle-fibres ai'e faintly striate«!,

more or less resembling the involuntary muscltvfibres. AVhen the dried muscle

of tunnies or bonitos are broken h'ausversely, tlie chiai portion is rather rough

and not lustrous, while the other portion is quite smooth and conchoidal.

In the Katsuwonidae the chiai portion is better developed than in the

TliTumidiie, and both the epaxial and hypaxial pai'ts of it reach the vertebral

column, as the chiai portion 1ms a wider base than in the tunnies, and as

the segmental blood-vessels nom-ishing the portion originate on each side of the

dorsal aorta and its plexus at

two points, a httle above and

more or less below the verte-

bral column.

To the ventral side of the

vertebral column a pair of

cylindi'ical muscles ai'e insert-

ed to suspend the pLarynx.

These muscles run obliquely

forwards fi'om the veiiebral

column. These pharyngeal

muscles are inserted into the 3rd

and 4th vertebrae in Scomha'

Japonicvs, to tlie 4th in Bastrd-

Dark red portion I'twi-uiac jikxus

Fig. J. Cross section of the lateral muscle, show-

ing the large fassicles of the ordinary portion on the

right side, anj fine dark coloured fascicles of the dark
liger chryaozomis, to the 3rd re»i portion on the left.
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in Grammatorojmis bilineaivs, to the 6tli in Cijlium nipliaiman, to tlie 5th

and 6th in Sarda cn-ientcdis, to the 5th in Gijmnosarda imda, t-j the 5th iu

TJiwinus germo, to the 5th and 6th iu Tliumms orienkdis and Xeothwinus

macropte)-us, and to the 6th in Parcdhunnus melacM and Auxis.

In the Scombridac and Cybiidae weak short slender tendons ai"e developed

from the root of each horizontal a^wphysis obliquely forward aloug the lx)rder

of each myotome and are firmly attached to the ventral side of the distal end

of the preceding apophysis and intereect with hgameuts ruuuing aloug those

processes. In the PIccostei these tendons are much Ixitter develoiml, lieiug

longer and more obhquelj- inclined, especially at the auterior and postei'ior euds

of the body. These tendons are split into two sheets of fine fibres at the

apex of the intermuscular bones, and the sheets run dorsalwfaxl aloug the axial

sides of the su^serficial dark coloured muscle. These sheets are ti'ansformed to

the myocommata. The lateral tendons are not found fivmi the middle j)art of

the lateral keel iu the caudal portion.

Dr. NoBiO Ogata (58) found that the alcoholic extract fi'om the chiai

iwrtion of the muscle is valuable as an antigen in Wasserjiank's reaction for

sypliilis. In the Thiiunidae the dorsal auterior end of the stomach is connected

with the roof of the body-cavity by means of a short, slender, median muscle.

In the teleosteau fishes the quantity of flesh amounts to less thau sist>'

pei'cent of the total Meight of the l)ody. but iu the Plecostei it is more thau

seventy percent, especially abundant in Thunnus germo, as iu this species the

dorsal wall of the abdominal ca^-ity is convex. This abimdauce of flesh is due

to the ruiiTowness of the visceral cavity, or the great development of the

liypaxial portion of muscle iu the jirecaudal region. Mr. G. Yuasa of the

Los Angeles Sea Food Packing Co. told me that 1 ton of Thunnus germo

produces 45 cases of canned meat, %\ hile from Nwthunnus macrapterua only 37

cases are produced.

lilGAlMENTS ANDTENDONS.

As the so-called scombroid fishes are generally jtctive swimmei-s, they are

rich in ligaments and tendons, wliich are best develo^ied aud most comphcat«!

in the Plecostei. A well develo^jcd ligament geuei'ally present iu teleostomatous

fishes connects the shoulder-girdle with the axial skeleton. I shall distinguish
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tliLs ligtüucut iiudov tlu; luiiiiii! of tlic cluvii'ubir lifi;iiiu(iiit. It is iusoiitxl to tlH3

iuner side of tlio supriu'lnviclo nt oiu; oui], mid to this <x,'cipitfil region or to

Olio of tho !iut»n-R)r voitcI)nu! at the otiior. Auothcr ligament, commoulj' foiuid

iu the tcleosteaii fishes is Joup, situated iu the spiual caual, above the spiiud

colli, thus coiuicotiufj; the veitebnu;. A short iiiediiui h'}»nm(;nt oouuectiujij tho

skill iu the heiul to the ft'oiifcils is pn-uliar t<.) the Tluuuiidao. A pjiir of

tliiii aud short ligiuueiits is found liotwcon tho fii'st and second veitebriu; iu tlio

genus Awns. Besides these there me luanj- ligaments connecting diflei-out

puts of the skeleton.

Tendons ai-e \\i\\ developed noai' both ends of the body, especially uoiir

the tail, aud iu tlie fishes of the Katiiwonicbio. A longitudiual tendon running

from the tail aud formiug the axis of a large muscular cone is very long in

Auxis (fig. 2). Til this genas two tendons formiug the anteiior esti'emities of

the two hjio'i'^i'^l ooiies of mj-otomes just Ixilow the median septum between

tlie eiiasial and hj-^iaxial portions of the lateral muscle are remarkable. Tho

exteiouil tendon is atbiched to the supraclavicle, just behiud the attaclmient of

the clavicular ligament, jmd the iutonial to tlio large lateral tubercle of the

second vertebra. Between ever^- tw( > Ixxly-segmeuts we find a pair of tendons.

Tlitso tendons connect the intermusculiir bones, and are joined at the abaxial end

to the myocommata. Iu tlio teleostean fishes these tendons are simple, but in

the plecostean fishes they are longer and much more complicated, as they

make more acute angles with the vertebral columu.

NERVOUSSYSTEMAJSTD SENSEORGANS.

The brain-cavit}- of thtj scombroid fishes is small as iu other teleo-

stomatous fisli&s, and the brain does not occupy even tlie whole of this small

cavity, Ixjing sumnmded by a tliick layer of a fiitty substance. Thus even a

tunny of ca 40 kg has a brain as small tis a miin's thumb. The brain of tho

scombroid fishes does not difler much from tlie common type of the brain of

the Teleostomi. The enormous development of the optical lobe and cerelxillum

is stiikiug. The nondevelopment of the cerebral hemisphei'e is also remarkable.

In the Plecostei the optical lobe has a very large groove on the venh-al side,

as if tho lolie is made by folding, when seen from that side. The groove is

csixjcially remarkalile iu Auxis, in which a coiTesixjuding groove is foimd in the



352 KAIIAKICHI KISHINOUYE

:

ventral side of the skull, in the otic r^on.

H 5

Fig. K. Dorsal view of the brain.

1, Scomber japonicus ; 2, Cijhium niphonhim ; 3, Thimmis orkriialls ; 4, Thunmis germo ;

5, Katsuwonus pelamis ; 6, Auxis mam(dorsal & lateral) ; 7, Evihynnus yaiio.

In the Plecostei the brain is thicker than that of the Teleostei, and the

cerebellum covers the whole length of the brain, behind the prosencephalon.

The external surface of the prosencephalon aud cerebellum is not flat. The

former is divided into fom- longitudinal lolxis, and the latter into several areas

by the median longitudinal and transverse grooves.

GangHa of the sympathetic nei-ve are foimd in the haemal canal, one in

each body-S(^ment, and when the canal is filled with the vascular plexus, they

are embedded in it.

The otohth is ititlier thick and the parts on each side of the median groove

are ueai'ly equal in the Scombridae. In the Cybiidae one side is longer than

the other, and in Gymnosarda the longer side is very much elongated and is

nearly twice the length of the other. In the Thimnidae the otohth is straight,

and one side is much longer than the other. In the Katsuwonidae the otohth

is very slender and the parts on both sides of the groove are eqtially well

developed, the hind end being more or less swollen.
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Tbc olüictüiy oij^uus ai"o a jxiir of grooves in front of tlic cy&s. Each

RTOovo or sac cominunicatos witb tbo exterior by a pair of pores, nostrils.

The anteiior nosfciil is generally small, while the jX)st«rior is more or less

elongated, oblong in the Cybiidae, and quite a sUt in the Scombridae and

Pleoostei. Beneath tlio antei'ior nostril, tliei-o is a group of olfactory leaves,

about 30 in number, aiTanged radially, in the form of a rosette. In the

Scombridae two nostrils ai'o situated rather near each other, and the upper

wall of the olfactory cavity is imiformly thin. There is a deep gi'oovo in the

floor of the cavity before the ethmoid, and just behind the olfactory rosette.

Tlie cavity extends behind the groove. The inner opening of the posterior

nostril Ues above the groove or before it.

In the C3'büdae the olfactory cavity is rather small, and the two nosti-ils

are close t«:;ether, the whole cavity is neai-ly filled with the rosette of the

olfactory leaves. In this family the posteiior nostril Hes more or less behind

the i-osette. The doi-sal wall of the cavity is thin, but the border of the inner

orifice of the posterior nostril is generally raised. Moreover the dorsal wall is

thickened in Sarda. Generally the cavity does not extend behind the posterior

nostril, and thei'e is a fleshy dam behind the rosette and below the posterior

nostril.

In the Thunnidae there is a space behind the rosette, thus the two

nostrils are much sepai-ated. The anterior nosti-il in veiy minute. The rosette

of the olfactory leaves is liigh and occupies the whole height of the cavity.

The dorsal wall of the cavity is very thick.

In the Katsuwonidae the two nosti'ils ai'e close together", and the cavity

is much more depressed than in the Thunnidae. Tlie i^assage of the anterior

nostril is almost pei^pendicular to the smiace of the head, while that of the

posterior is more or less turned obUquely. The former has the uniform calibre,

but the latter is wide at the inner orifice, and becomes gi-adiuüly naiTow towards

the outer orifice. Between these nosfa-ils there is a narrow groove on the roof

of the olfactory cavity.

ABDOMINALCAVITY,

In the Scombiidae the height of the abdominal ca%ity is more than half

the height of the body, and the cavity Ues just beneath the vertebral column ;
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Trat in the Cybiiclae the cavity is more or less separated from the vertebral

cokimn, fr-om the development of tho Liemal processes in many precaudal

vertebrae. In the the Plecostei the coelomic cavity is low and nan-ow, as tlie

haemal process of precaudal vertebrae is mnch better developed than in the

Cybiiclae. The height of the cavity is less than its breadth, and its roof is

flat or convex, tliatched with a broad proximal portion of ribs, and protected

by the peritonemn, composed of thick bimdles of connective tissue arising from

the distal end of the precaudal haemal spines, and interwoven with each other

at their root. These bundles of connective tissue are inserted at the veuti-al

median line of the cavity, hoi-e too, their ends are interwoven. Generally

speaking the visceral cavity of the scombroid fishes does not extend t<i the

caudal portion, though some posterior ribs push their way into the lat«ryl

muscle, beyond the ^leritoneum, and He on each side of the interhaemals. Thus

the length of the alxlominal cavity may approximately be known by measuring

the distance of the anus from tlie giU-slit. In the genus Avxis, however, the

genital gland extends beyond the origin of tlie anal, and grasps the inter-

haemals of the fin fr-om both sides. Thus the abdominal cavity is aJso extended

backward beyond the anus with the genital glands.

In the Scombridae the peritoneum is often dai'k coloured as in BastrelUger

and immatm-e forms of Scomber probably o^ving to the body being broad, and

alxlominal wall tliin, nearly vertical, and the hght seems to transmit more or

less; but in adiüt forms of Scomher, Cybüdae, and Plecostei the pei-itoneum is

little afiected by the hght, as the abdominal wall is thick and is turned

obliquely downwards. Thus the peritoneum remains ueai'ly colom-less in these

gi-oups. The peritoneum is developed roimd the visceral organs and envelops

them, and the generative organs, rectmn, etc. s\xe suspendetl from the dorsal

wall of the body-cavity by the peritoneum. Tlie jieritoneum is very thick at

the posterior part of the body-cavity in Tkwinus germo.

AIR-BLADDER.

Tlio air-bladder is sometimes present and sometimes absent, and this is the

case even among species of the same genus. Tlie air-bladder is generally

absent in those fishes Hviug always neiur the surface of the sea. Thus it is

entirely wanting in the fishes of the Katsuwonidjui. It is, liowever, ratlier
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«lirticnlt to iiudorstiui»! that Acanihocyhiuin wliicli is always found ncnx tlie

surface 1ms & well develojxHl fiir-blaiWer, wliile Cijhium niphonium whic^li has

a rather xvide range of vertical (ILstril.mtion lacks it. The aii'-bhulder is more

or less fusiform, aud fjonerally thickened at the anterior pvii.

In the Scombridae the air-l)Iadder is generally present, l)eing absent in

Scomber scombrus only. In Scomber japonicus the air-bladder is fusiform,

naiTow and pointed at both ends. It occupies a httle more tlian half the

length of the abdominal cavity. Its wall is very thin.

In the CybiicLie the air-bladder is not foimd in Cyhmm niplwnium, G-

koitanum, and Scmla oricnkdia. In Gyranoaanla nuda the air-bladder is

lai^ and thick- walled.

Fig. L. .\ir-blndder of tnanies. 1, Thunmts germo (dorsal and side views);

2, Tkunnus orietitalls dorsal and side views); 3, Parathtmnus mebachi (dorsal

and side views) ; 4, Xeothimnus macropterus (ventral viewj.

In the Thimuidae the development of the aii" -bladder is very interesting.

In Thunnns (jermo the air-bladder is naiTow, but long, nmning the whole

length of the abdominal cavity, and has a median dorsal swelhng at the

jinterior end. In T/amnns orientcdis the air-bladder is triangular, veiy wide, and

sti'aight at the anterior end, occupying the entire breadth of the abdominal cavity,

but it is short, and becomes gradually narrow Ijehind, pointed at the posterior

end. It is a httle longer tlian half the length of the alxlomiual cavity. The

external wall is imifoiioly thin. The internal wall is finely reticulated. At

the middle of the roof of the air-bladder, there is a large roimd hole, which

leads to an accessory conical ca\aty, extending from the hole behind to the
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posterior end of the j)rincipal cavity. At the anterior end of this upper

accessory ca'S'ity a vein poui-s to a segmentaiy vein. In immature tunnies

the air-bladder is very small, and almost collai^sed. The ah-bladder of this

species has a pair of shght sweUings along the anterior side.

In Paratliumvus mebacJii the air-bladder is a Httle naiTower than the roof

of the abdominal ca\ity ; but occupies the entire length of the cavity, at the

anterior end the aii'-bladder is divided into two lai'ge coeca, by the dorsal

aorta in the middle, and is sepai'ated by the cutaneous aiieries from the princi]^)al

cavity. The intei'nal wall is finely reticulated.

In Neothunnus macropterus the aii'-bladder is naiTow, and is protected by

a veiy thick mass of connective tissue from the venti'al side. This thick niixss

of connective tissue is utilized as a material in making glue. On the middle

of the dorsal wall a large vein is found with radiating venules fi'om all sides.

The red gland is developed at the anteiior pait of the air-bladder, near the

point where the arteiy for the air-bladder entei's. The air-liladder of the Scom-

bridae and Cybiidae receives blood fi'om the dorsal aoiia at several points, and

ix)urs its venous blood to the posterior cai'dinal vein at several s^xits ; but in

the Plecostei the arterial blood is received from a special branch of an artery,

rimning along the right hand side of the stomach, and the venous blood poui-s

to the caudal or the posterior cardinal vein through a segmental vein. Thus

the aaierial system of the aii-bladder belongs to the axial system in the Scom-

biidae and Cybiidae, but to the visceral system in the Plecostei.

DIGESTB^E SYSTEM.

The mouth-cavity is black in the Scombridae, black or gi-c;s'ish in the

Cybiidae and Thunnidae, and silvery or colomlcss in the Katsuwonidae. The

tongue is small, naiTow, and black in colour, and fai' behind the symphysis of

the lower jaw in the Scombridae ; broad, flat, and genei-ally gi'eyish in the Cybi-

idae ; greyish in the Thunnidae ; and silvery white, medium in size, and the

membrane at the lateral mai'gins is tm-ned upwai'd in the Katsu'nonidae. The

surface of the tongue is gi-auulated in the genus Scomber, armed with villous

teeth in Gymnoaarda and Thunnidae, and quite smooth in Acanthocybium, in

many species of the genus Oybium, and in the fishes of ithe Katsuwonidae.

The development of tlio gill-rakei-s on the branchial arches , has a dose
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ixilatiou with the nature of food. Tlie gill-rakors ai'e sti'ainei's, aud cliiefly sen-e

to iffovent tbc escape of food fnom the bmucbial cleft, thus they are best devulo^jed

in the pIiuikton-feed«irs, such as nmckei-ols and bonitos ; but the}' ai'o jxiorly de-

veloped in voracious fonns, such iV5 socrfishes, aud are eutirclj wjuiting iu

Acardhocybium. At the same time the gill-nikors nmy serve " to prevent any

solid particles fi'om passing into the gill-clefts aud clogging or otherwise injuring

ihe branchitil filamcuts." Gill-rakora are best developed on the external side of

the fii'st braucliial arch. They are long and bar the space between the o^xsrcle

and the branchial arch. Other scries of gill-rakers ai-e developed on the inter-

nal side and bar the intervals between branchial ai'ches or the interval l^etween

the branchial arch and the lower pharyngeals. GiU-rakers on the external side

of the braucliial arch are directed forward, while those on the intenml side are

directed backward. Gill-rakers He close to the branchial ai'ch when the mouth

is closed ; but are separated and make angles with the branchial arch, when

the mouth is open. The inner or upper side of the gill-rakers is rough, aimed

with minute tooth-Hke prickles.

In the Katsuwonidae the gill-mkers on the internal side of the branchial

arches are well developed. The good development of gill-rakei-s on the upper

arm of the first and second branchial arches is remarkable.

In the Scombiidae the gill-rakers are weak, longer than the gill-lamellae,

and veiy numerous and closely set. Each gill-raker has two rows of alternating

divei'giug flexible filaments, giving a villous appearance to the mouth-cavity.

In this fiuuily the gül-rakei-s on the inner side of each branchial arch are pretty

well developed. In RastreUiger the giü-rakei-s are enormously long, so that they

may be seen from the gape of the mouth. In the Cybiidae the gill-rakers ai'e

shorter than the gill-lameUae, rod-Hkc, and few in numbei'. Fine but stout tooth-

hke processes on the inner side of the gill-rakers are in two or more rows. In

most species of this family external gill-rakei3 only are developed. In Sarda

chilenm, however, I foimd a few, small internal gill-rakers on the fii-st gill-ai"ch.

In the Plecostei the gill-rakers are thin, nan-ow lamellae with villous teeth

on tlie iimer side. As the gill-rakers ai'e long, and the gape of the mouth wide,

tlie former may easily be seen in the latter*. In the species iu which the num-

ber of giU-rakei"s is lai^e, they aie well developed in other respects as well, so

that amoug the Japanese tunnies, Thunniis wi&ü<dis has the best developed gill-
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rakers, and in the genus Kaisuwonm the gill-rakers are better developed than

in the genns Thunnus. The inner or axial side of gill-rakers and also calcare-

ous grains on branchial bones are covered with villous teeth. Teeth near the

oesophagus are generally a Uttle larger than others. Thus teeth on the lower

pharyngeals and the hypobranchial segment of the foui'th branchial arch are

larger than those on other branchial bones.

In the Katsuwonidae the second, third, and fourth gill-arches carry numer-

ous, thin, elongated giU-rakers, also on the posterior side. In Katsuwonus, more-

over, the inner margin of the gill-rakers on the anterior margin undulates.

Stomach (figs. 3, 5, 6). In the Scombridae the stomach is a rather thin

waUed, conical sac, suspended from the roof of the coelomic cavity of the ]^X!ritoneum,

and weak longitudinal folds (about 16 in Scomler japonicus) are found near the

two oiifices, pyloric and cardiac. The cardiac orifice is more or less constricted.

The pyloric orifice, situated about midway of the stomach is long and ascending,

i. e. tm-ned anteriorly. It opens into the duodeniun with a crescent-shaped

orifice, as its posterior waU is enormously thickened. In the Cybiidae and

Plecostei the stomach is a very long conical sac, the posterior end of which al-

most reaches the anus. The pylorus, situated quite near the oesophagus, is on

the left side of the stomach, and is more or less turned posteriorly. The wall

of the stomach is thick, tough, and rich in deep, longitudinal f jlds, some of

which run into the pylorus. The food is chiefly digested in the sac-portion,

where the soft parts are almost entirely dissolved and the framework of the hard

skeleton is also broken to pieces. The digestive fluid of the stomach is acid in

reaction, very powerful, soon dissolving the skin of fish or cuttle-fish, then muscles,

and lastly bones. The calcareous portions of the skeleton are dissolved lejiving

the chondrous substance behind. The gelatinous tissue or tunicine of pteropods,

tiuiicates, &c., jaws, pens, and lenses of cuttle-fish are scarcely (^hanged in the

.stomach. The stomach of tunnies is very loosely covered outside with the thick

peritoneum, and the blood-vessels to the stomach he mider tlie membrane.

The pylorus is more muscular than the sac-portion, and genei-ally

rather short. It nms to the left side of the stomach. In the Scombridiie and

in the majority of the remaining teleosts the pylorus is ascending. In the

Cybiidae the pylonis is slender, variable in length, and is more or less dilated

near the distal end, foinaing a special diverticulum, just before the boimdary



COMPARATIVESTUDYOF SCOMBBOIDFISHEa- 359

with tbo (iHodimum. lu the Plucostei tbo pylorus is roiindccl or more or less

ovoidal, being thicker at the proximal portion, and more or loss twisted to

the right-hand side at the posterior end. The duodenum is separated from the

pylorus by a well marked constriction, and suddenly dOatcs, hence it is more

or less sac-shaped. It is thin walled, widest just behind the pylorus, overlapping

the latter a httle and becoming gradually naiTow. It is curved forward, touching

the dorsi J posterior surface of the liver, and is bent dors« Iward, then b;ickward,

and histh- bending to the right-hand side, passes to the intestine. In more or

less tainted fish the duodenum is the firet to dissolve, probably by its own cn-

zjTues, i. e. by the action of autolysis. To this portion of the intestine the pylo-

ric coeca and cystic duct open their apertures. The latter duct entere at the

anterior side of the duodenum, just near the pylorus, wlule the former generally

open at the postwior side with noany apoi-tm'es, distiibuted in one or several

rows. The pyloric coeca are generally yellowish in colom*.

Longitudinal folds of the stonuich are mostly about 20 in the Cybiidae, but

in the Thiumidixe there are usually 30-40, but in the Katsuwonidae they de-

crease in number again, to alx)ut 20 in Katsincaiius, 12 in Euthynnm, and

neai'ly inthstinct in ^Ivxis. ^

Pyloric coeca. In the Scombridae (fig. 1) the pyloric coeca are coarse,

numei'ous, and each coecum communicates dii'ectly with the duodenum (Scomber),

or a few or several coeca coalesce at the root and open by a common orifice

{Rastrellnjer). They are ci'owdod in a long and more or less trianguhu" tract on

the postei'ior or ventral side of the duodenum. Those coeca near the pylorus

ai"e long, and their length gi-adually diminishes in proportion to the distance they

ai'e fi'om it. Tliese numerous coeca ai"e connected by loose connective tissue

ti'aversing them.

In the Cybiidae (fig. 6) and Plecostei (figs. 3, 5) the pyloric coeca are re-

markably well developed and assmne a conspicuous size as a mass. The size

of each coecum, however, becomes small as the development of the pyloric coeca

as an organ advances. In these groups of fish the coeca do not open directly

to the duodejimn, but to its tubuhu- outgrowths of vtu'ying length. These tubules

are denthiticaUy biimched, have a rather tliiu but tough wall, and same longi-

tudmal gi'ooves inside. They are more or less capable of distention. Each

branch of the pyloric tubules with tufts of coeca is enclosed by a membnine of
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coimective tissue, and the whole roass of the pyloric coeca is again enclosed and

conneeißd comj)actlT by a common membrane, the peritoneum. In pyloric tubu-

les wc find a viscous, milky fluid ; and sometimes half digested particles of food

as well, when the stomach is glutted. Mi'. Tu Tokoya examined for me the

nature of enzymes in the pyloric coeca of Neotliumms macropterus, and obtained

the result that amylase and protease are präsent, but he could not detect the

presence of hj)ase. This result confirms other author's' results of investigations,

and points out that the chief function of the pyloric coeca is digestive. In this

inquiry glandular' portion only was used, so that thei'e was Httle fear of mixing

of gastric juice.

In the Cybiidae the number of pyloric tubules is few (2-6), and small

one of them is often found on the anterior concave side. The coecal portion

is sparingly branched. In the Plecostei the numl^er of pyloric tubules is a Uttlo

more numerous (5-10), and their short tei'minal branches carry tufts of simple

coeca. Two or three small tubules are found on the concave side of the pyloi'us

in the Katsuwonidae. In the TTiuunidae the size of coeca is not uniform, those

near the distal end of the longest pyloric tubule being larger than others. Tlie

tubule next to the pylorous is longest, and succeeding ones rather suddenly de-

crease iu length. These tubules are genei-aUy disposed at the postei'ior side iu

a line along the entire length. Theii' orifices to the duodenum ai'e variable iu

size and form, Ijeing roimd, oblong, or sometimes sht-like.

Intestine. The duodenmn is trausfeiTed to the small intestine at the spot

where the alimentaa'y canal is bent backwai'd, i. e. at the junction of the

ascending and descending x'ax'ts of the alimentai'y canal. The length of the

small intestine is very variable. It is shoi't and straight iu Ch'ammakn-cynus

and Katsuwonidae, and long and more or less folded in the Scombridae, Cybiidae

(except Grammcdorcynits) and Thunnidae. In BastreUiger, some sj^xicies of

Cyhium, and fishes of the Thunnidae the intestine is comparatively and nearly

uniformly slender; but in these cases the intestine is always much elongated.

The intestinal tract is a httle more slender tliau the duodenum. In the Eatsu-

wonidae the small intestine is very shoi't, being nearly- equal in length with

that of the abdominal cavity. But the intestine is often thicker than the rec-

tum, and many weak longitudinal folds are found in it. Sometimes the rectum

is tliickei' tlmu the small intestme. In this familv the intestine is nearly equal

.
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in length witli the roctuiii. Tlic nictuin is rolatively lout!; in Scomhcr too.

Tlic IjjiimTjuy l>etwet>n the snmll intestine and the rectum is indicnt«! by a

transverse ridge inside. lu the so called saunln-oid fishes the length of the in-

testine seems to hiwo but httle connection with the nature ef food, as voracious fishes

of the Cjbiidae have often a long int<^stine, folded several times, and fishes of the

Katsuwouidae, which feed on luediuna sized plankton, have a short, sh'aight mtes-

tine. RastrelUger which is a plankton-feed« :r 1ms a very long intestine, more

tlian 5 tunes as long as the length of the alxlominal cavity, usually the coloiu: of

the undigested ingrecheuts of food diflers in different tracts of the intestine. In the

scombroid fishes the ahmeutaiy canal and genital and

urinary ducts open to a conuuon depression which is

very shallow and communicates to the exterior with an

elongated cleft. The anus, genital pore, and urinary

lX)re all open independently on respective papillae. Of

these the anus is tlie largest. The ixsterior wall of

1, Srornher japomcus this cloaca-like space is more or less cLirker in colour
2, Neothxmnus nia(ropterus

Fig Jl External nper- ^'^^'^ *^® anterior. Wl\en we handle the viscera of a

J^VlSeihtTngTol^ t'"»°y' '"«1-« -1- 1««^ «tale, with naked hands the wet

u^Jar?"oÄB°*ön' "he PO^i"!^ ^'^^^ ^^'^J' ^'^ ^ «''•t''™ l^P^^ ^e COntact

respective papilla.
occasious snifiU tiuuois of the skin. TIlis is probably

due to the fonnation of ptomain. In the viscera of a stale fish we often find

small crystals on the external surface of the mass of the pyloric coeca.

Liver (figs. 2, 3, 5, 6). The hver is a large brownish organ, generally

di\'ided into three lobes, and situated just behind the diaphragm, and covers

the anterior and ventral part of the stomach. In the Scombridae the Uve,

differs remarkably in form from the other allied fishes. It is a small, imdividedr

more or less triangularly pyramidal organ, with three ti'enchant edges. It is

situated at the left, anterior corner of the abdominal cavity. Tlie right hepatic

vein is found at the attenuated margin of the right, anterior comer. The

middle and right lobes are scarcely developed. In the Cybiidae we find three

lobes of the liver, but their respective size and form are variable. Grenerally

the right lobe which is scarcely developed in the Scombridae, is best deve-

loped, Init the left and middle lobes are poorly developed. In G/jmnasarda,

however, the left lobe is best developed.
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Fig. N. External yiew of the liver. 1. Scomber japonicus; 2, Cyhium jiiphon'mm;

3. Sarda orientcdis ; i, Gymnosarda nuda ; 5, Thunnus orientalis ; 6, Parathnnus mebachi ;

7, Keothunnus macropterus ; 8, Katsuwonus pdamis ; 9, Euthynrms yaiio ; 10, Atixis maru.

In the Cybiidae as well as in Scombridae the surface and the outline of

the liver are smooth. In the Thunnidae the three lobes of the liver are sub-

equal, but in the Katsuwonidae the lobes of the liver are unequal in size, the

right lobe being best developed, and the left lobe is often not well defined.

In Tliunnus (fig. 3) the external surface of the hver is marked with fine venules

running very close together, and at the anterior middle portion of the liver,

near the spots of emergence of hepatic veins, the liver is very thin, being

comjxsed of hepatic venules only. Moreover the liver is divided into many

inegulai" lobules at the margin as well as at the internal or axial side, where
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large masses of rete mirabilis of blood-vessels are found. In ParcUhunnus the

external surface of the liver Las a few short venules near the posterior nmrgin ;

but in Kcothnmius no venules are found at the external surface. In these two

genera the lobes of the liver are not deeply cut, and in the latter gumw the

right lol)e is a httle longer tliau the other lobes. In Eiilhymms and Auxis

(fig. 2) tlie right lobe of tbe liver is enormously elongate*!, almost reaching the

anas, while the left lobe is often inconspicuous, being not separate"" _ a distinct

iudenfaition fi-om tiie middle IdIkj. In Auxis moreover dark and thick dendritic

figures of the hepitic vein are clearly discernible on the external surface of the

liver.

Tlie gall-bladder (figs. 1-3, 5, 6) is an enormously elongated sac, running

along the intestine, on the inner side of the right lobe of the liver. The

bladder becomes narrow at tlie anterior part and jjasses gradually to the cystic

duct which is bent backwai'd along the inner side of the middle lobe of the

liver, and opens to the duodenum with a narrow duct, ductus choledochus. To

the cystic duct three or more hepatic ducts open. These are more or less den-

dritically branched in the liver. In the Scombridae the gall-bladder is elon-

gated and receives some slender ducts (3 in Scomber japmicus). In the Ka-

tsuwonidao the hepatic duct in the right lote of the Hvei" is vciy long, running

the whole length of the lob<3. The gall-bladder is greenish in colour, but it

is sometimes purplish in a stale fish.

The spleen (figs. 1-3, 5, 6) is a compact, elongated IxxJy, more or less

compressed, and dark red or brownish in colour. It generally lies close to the

junction between the duodenum and the small intestine. It is rather small in

the Scombridae aud Cybiidae, but in the Thunnidae it is very well developed

and is attached to the anterior part of the fold of the small intestiue, occupy-

ing the space enclosed by the duodemuu, aud the intestinal tract to the second

bend. In the Katsuwonidae the spleen is again small aud lies exterior to the

intestine. In the genus Sarda the spleen is much separated from the hver.

EESPIRATORYSYSTEM.

In the so-called scombroid fishes the giU-openings are very wide, extending

from the origin of the chin h) the posterior ventral margui of the cranium,

and the branchiostegal membranes not being imited at the anterior end, remain
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free from tlie istbmiis. In the Scombiidae we find a slight depression at the

]josterior, dorsal margin of the gill-opening, just anterior to the origin of the

pectoral. Tliis depression together with the soft flappy portion of the opercle

above it, make easy the escape of foiü water from the gill-chamber. In Bastrel-

liyer, moreover, a sUght depression or groove is found on the hind ventral mar-

gin of the gill-opening, or at the lower, anterior margin of the shoulder

gii'dle. Such structm'es of the gill-opening as the flappy portion of the opercle

opposite to the slight depression of the gill-o^jening, and another depression

on the posterior ventral margin are often found in fishes of the Carangidae as

well, and we see that there is some relation between these two families.

The branchiostegals are slender, seven or eight in nmnber, and the mem-

branes connecting them are rather wide and extensive. In the Scombridae the

bi'anchiostegals are dissimilar in breadth and form, posterior ones becoming

broader and much more cm'ved or bent.

In the Cybüdae the brancliiostegals are slender, and the membrane connecting

them is extensile. In the Plecostei the posterior branchiostegals are more or

less broad, and tlie free margin of the membrane is much thickened, hence

tough fr"om the development of connective tissue. The membrane is nonex-

tensüe and remains fastened to the inner side of the opercle, a little removed

fr'om its margin, hke an inner rim of a lid to a base.

The pseiidobranchiae are equally well developed in the Scombridae,

Cybiidae, and Plecostei.

The brancliial lamellae ai'e very thin, and closely set, neai'ly equally in

all scombroid fishes ; but thefr length and breadth vai'y gi'eatly in diflfereut fauii-

hes. Thefr length is projxjiiional to the breadth of the opercle. In the Scom-

bridae the gill-lamellae arc short and uaiTow, about hiilf tlie length of the up^^er

ai'm of the first gill-ai-ch. In the Cybiidae they are a httle longer than half

the length of the upper m-m of the fii'st gill-arch, and in the Plecostei they are

equal in length with the latter. In the Plecostei each brancliial filament is

sti'engthened on the proximal, axial side of each gill-arch with m;iny minute

transverse rods.

In Acanihocyhium the branchial lamellae anastomose with ejvch other as

in the Xiphiidae, but in the former the iuiiistomosis is limited to the proximal

portion of the lamellae, not over the whole extent of the gills as in the latter.
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V.\SCÜLAR SYSTEM.

In the vascuLix .^ysk^m too, we fiiiil iiuiuy voiy important points uf tlüTer-

ence among the scombroid fishes. Esixxjially the order Plecostci presents many

clmracteristic fcfttiiros, remiirknbly diflerent from nil the other fishes. ITio chief

features of difference are the gi-oater quantity of blood, greater number of blood-

vessels, and larger heart. Tlie most noteworthy (hfforence is the development

of the cutaneous vascular system, not found in the Teleostei, and peculiar vas-

<ular plexus iu the lateral muscle, iUid enormously developed vascular plexus

under the hver, or in the haemal canal. Therefore we distinguish three differ-

ent systems of blood-cii'culatiou in the Pleco^tei, namely vertebral, visceral, and

cutaneous. These three systt^ms luive respectively a peculiar feature in the

Plecostei ; but the peculiarity of the vertebral system is alternative with tliat

of the -visceral. Tlio cutaneous systam is very conspicuous and quite character-

istic to the Plecostei, and has a con-elation with the presence of the dark red

portion of the lateral muscle, roimd the vertebral column from the development

of sheet-hke vasailar plexus. It is very remarkable tlmt such a conspicuous

and peculiar system of circulation remained almost unknown to science. Though

the keen eyes of Cuvier (12) discovered it in the common tunny of Eiu'ope,

he did not put much weight on it, so that he desciibed it rather iu passing

in the following lines :

—

" Lorsqu'on a leve la peau du thon, on ti'ouve sous la ligne laterale

un gi'and vaisseau, qui donne de sa face externe, en dessus et en dessous,

beaucoup de branches dans les muscles voisins. Sa face interne est cri-

blee d'un nombre infini d'orifices d'autres branches, qui vont se perdro

sm- une membrane glanduleuse epaisse ".

After CuviEB no one has studied nor even mentioned the pecuhar blood-

vessels. In 1836, EscHRiCHT and Müller (19) published an interesting paper

on the peculiar plexus of blood-vessels among the viscera of the common

European tunny. In that paper they give a figure, showing the origin of the

cutaneous arteries (Taf. IU, fig. 3); but identified them with prejudice as the

axial ai-teries, and did not trace fmihcr. In 1915 I published a paper on the

peculijir circulatory system (44) in the " Suisan Gakkwai Ho " (Procee<lings

of the Scientific Fishery Association) Vol. I, and in 1918 another paper m the
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same jourual, Vol II (46).

Besides the peciiliar cutaneous system and vascular plexuses ou the inner

side of the liver descriljed by Eschuicht and MÜLLERthere is another peculiar

plexus in tlie haemal cannl of the vertebral column in Neothunnus and Ka-

tsuwonidao. In those fishes the vascular plexuses on the inner side of the

liver and line hepatic veins ou the outer side of the hver are wanting. There-

fore these he^jatic plexuses seem to be the alternative of the plexuses in the

haemal canal. Both the hepatic plexuses and the plexuses in the haemal canal

consist of blood-vessels entirely filled with blood-corpuscles.

In the Plecostei the caudiil i«dunclo is very slender and full of strong

tendons, thus there is little space for the sure circulation of blood, and here

blood-vessels find a safe jiassage in the substance of the vertebrae themselves.

The higher temperatm'e of the body than the suiToundiug water, and

consequently great activit}' of fishes of the Plecostei is undoubtedly due to the

peculiai" circulatory systems above described.

^'enous system. In the Scombridae (fig. 1) the chief vertebral venous

system consists of the jugular veins, Cuvierian ducts, posterior cardinal vein,

lateral vein, and segmental veins. The visceral system consists of the hepatic

veins, hepatic portal veins, and the genital veins from the gonads. The genital

veins unite with the ixtsterior cardinal vein separately. The ixeterior cardinal

vein lies below the dorsal aoiia and communicates with the Cuvierian duet of

the right side. The segmental veins carry venoas blood along the uem-al and

haemal processes and intermuscular bones, generally in every other myotome,

alternating with segmental ai-teries. The venous blood from the surface of the

body is collected in these segmental veins, but chiefly in those running to the

inner surface of the wedge-shaped superficial reddish muscle and then along

intermuscular bones. These segmental veins are short and small. The venous

blood in the lateral wall of the abdominal cavity is chiefly collected in the

segmental veins along the peritoneum and iwm- to the posterior cardinal vein

at the root of the pleural ribs, and partly to the lateral veins running along

the venti'al median line, collecting some inferior segmental veins in the antero-

inferior part of the lateral body wall. The Cuvierian ducts are large vertical

ducts, running along the sides of the oesophagus, behind the pericardo-peritoueal

septum and join the sinus veuasus.
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The venous system of the Cybiidae (fig. 6) is nearly similar to that of the

Scombridae ; but differs in the development of the renal portal system in the

precaudal region, where some segmental veins running along neural processes

and intermuscular bones are minutely divided in the kidneys. Nearly at the

posterior end of the precaudal region the cardinal vein leaves the haemal canal

and runs obhquely downward to clear some preceeding haemal arches and

short haemal spines and passes through the kidney, receiving numerous venules

there and taking a more or less ascending course rejoins the dorsal aorta in

the haemal canal. The segmental vein is not found in «ivery segment, but

almost in every other segment, alternating with the segmental artery as in the

Scombridae.

In the Plecostei the venous system differs greatly from that of the Tele-

ostei, as stated above, moreover there is a great variety in the system in

different forms of tlae order. In the genus Thunnus, the most primitive type

of the Plecostei, the cutaneous system is best developed, and the vertebral system

is abortive, the posterior cardinal vein being wanting. A short, slender caudal

vein is found in the place of the posterior cardinal vein. The caudal vein

joins at the middle part to the transverse commissure of the cutaneous veins

and thus communicates indirectly with the Cuverian ducts. A pair of cukineaus

veins, are found on each side of the body, on the epaxial and hypaxial sides

of the lateral median Hne. These two veins rim almost parallel, and quite near

each other. They run deep into the myotome of the fourth vertebra, at the

hind noargin of the myotome, and unite a little below the surface of the body.

The confluent vessel runs obliquely anteriorly, passes under the proximal slender

part of the third rib, and joins the Cuvierian duct of the respective side, after

collecting many renal venules. The right and left cutaneous veins are iinited

by a transversa commissure in tlie caudal portion. This ti-ansverse commissure

of the cutaneous vein is found in all the forms of the Thunnidae. Segmental

veins, both cutaneous and the veiiebral, are found in every myotome.

In Paruthunnus (fig. 4) the cutaneous veins of both sides pass through the

myotome of the sixth vertebra, and each uniting to a large vein running below

the fifth rib, pour into a transvers canal behind the pharyngeal muscles.

The transvers canal jjins the right Cuvierian duct after uniting with a short

renal vein. The caudal vein is very slender as in the genus Thunnm, and
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does Dot unite with the Cuvierian duct directly. In tlüs genus most of the

segmental veins running along the haemal spines in the precaudal region and

also in the anterior pai't of the caudal region are divided into many venules

near the veiiebral column, so that their blood does not return directly to the

heaii, but seams to be collected to venules above the vertebral column and in

the dark red portion of the lateral muscle. This is very remarkable. The

segmental veins in the caudal region unite to a slender caudal vein.

In NeotJmnnvs the posterior cardiiuJ vein is Tery conspicuous, and gives

off a peculiar plexus in the haemal canal, and at last joins the right Cuvierian

duct. The cutaneous veins are united by an anterier ti'ansverse commissm'e as

in Pdrathunnus, or sometimes each of them pour directly into the Cuvierian

duct of the respective side as in Thunnus. A shoit slender renal vein rims

under the iX)sterial cardinal vein and is rmited to it.

In the IvatsuTvonidae the vertebral venous system consists of the posterior

cardinal vein, jugular veins, Cuvierian ducts, lateral veins, cutaneous veins,

segmental veins, and subspinal plexus. The posterior cardinal vein is con-

nected with a remarkably well developed plexus of venules in the haemal

canal and joins the right Cuvierian duct as in the genus Neothunnus. Tlie

cutaneous veins do not join the Cuvierian duct directly, nor are they united

by a transverse vessel in the thoracic region to the postarior cardinal vein,

but ai'e divided to renal portals. Tlius these cutaneous veins differ fi'om the

similar veins of the Thunnidae. Moreover the lower cutaneous vein of this

family is not homologous to the lower branch of the cutaneous vein of the

Thunnidae. Tlie epaxial and hypaxial veins originate in different myotomes

and they do not form a loop at the caudal region, nor are they connected by

a transverse commissure. In Kcäsuivonus the epaxial and hj-paxial cutaneous

veins are neai'ly equal in size and length, and though they are not sti'aight

they ai'e neai'ly equally distant fi'om the lateral metlian hne of the body.

These veins rim anteriorly and to a deeper part of the body, passing thi'ough

the myotome of the fifth vertebra. The epaxial vein passes l)elow the fii'st rib,

while thj lower passes above it. These two veins receive blood respectively

fi-om the sheets of vascular plexus on the dorsal and ventral sides of the dark

red portion of the lateral muscle. In the other genera, Erdhynnvs and Auzis,

the epaxial cutaneous vein is very thick and inins close and parallel to the
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lateral median line (if the bfxly, ruauiug to tlio doojx'r part of tl«; bodj

lietween the myotomes of the fom-tli and fifth vertebrtie. Tlie cliit'f cutanooua

segmental veins are united to the ejiaxial cutiineous vein, and sheets of

Tascular plexus smToimding the daik nni portion of tho lateral muscle are

connected witli tlit- win. Tli(> hypnxial cutaneous vein is remarkably short,

slender, and zigzag in its course, disappearing from the surfaoe of the body

just lx)hind the \x>stclavicle mid liefoi-e the myotome of the first vertebra. In

the Katsuwouidiie the hyiiaxial cutaaeous vein always passes before and above

tlie fii-st rib. The posterior ciuxhual vein leaves the hjvemal canal from tho

foui-teeuth vei-tebra or a still more backward pjsition. Anterior to that point

the posterior cardinal vein is more or less separated from the dorsal aortii,

receiving several short but comparatively large veins at both sides of the

dorsal aorta, and these veins are formed fi'om parallel venules of the A'ascular

plexus in tlie haemal canal or " km'ochiai " in Japanese. At the same point

an inferior posterior branch joins the postei'ior cardinal vein. Tlie branch is a

slendei" renal vein as in NeotMoinus. Tho cardinal vein and the doi'sal aorta

too are situated close to the lower side of the haemal canal, sending a thick

ixxl of vascular plexus above, which fills up the broad canal. Tho kurochiai

api^ears fi."om the segment of the fifth vertebra in Katsuioonus, from that of the

sixth vertebra in Euthijrmm yaito, from tbit of the ninth in Neothunnus, and

tenth or twelfth in Auxis. Li the latter genus the epasial cutaneous vein

passes between the two accessory cones of the lateral muscle (fig. 2).

ITie visceral venous system of the Plecostai consists of some hepatic portal

veins, hepatic veins, and genital veins. The chief chfierence fi'om the CybiidiW)

and Scombridae lies in tlie genital veins, wliich chrectly join the Cuvierijin

ducts. In the Tliimui(Lae the hepatic pjrtal veins are more or less divided

into plexuses or parallel venules before entering the liver. The plexus is most

remarkably developed in Thunnus. In tliis genus the vejiules ai'e interhiced

with arteiioles of the ooehac artery. Each plexus is as large as a fist, and is

more or less conical. In smother genus, Parathunnns, only venules are foimd in

the plexus, conserpieutly the plexus is thin, elongated, and in tho genus Neothunmm

the jJexus is not found at all, but instead of a single ti-iuik, the liepitic

poiial veins ai'e compjsal of several psu'allol venules. Concomitantly with the

development of the ixjculiar plexus on tlie internal side of the liver, the
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hepatic veins la-e divided very finely and run quite near the external surface

of the liver. In Parcdhunnns venules of the hepatic veins on the external

surface of the hver are rather short and sparce, while in Neothunnus venules

of the hepatic veins ai'e few, large and are not found at the external sui-faee

of the hver. In immatiu-e forms of our common tiumy venules on the sm-face

of the Hver ai"e short, i-emarkably shoiixjr tLan in the adult. In the Katsuwonidae

neither the plexus nor the parallel venules among the viscera nor those ou

the external sru'face of the liver are found. In Anxis, however, black dendritic

figm-es of the hepatic veins are noteworthy on the external surface of the hver.

In Eidhynn'us and Auxis the right lobe of the hver is elongated, and hepatic

portal veins from the pyloric coeca run in many transverse canals to the lobe.

Heart. The heart hes just before the pericai'do- peritoneal septum, in a

more or less conical space, enclosed and protected by the lower pharj-ngeals,

clavicles, and pelvic girdle. The organ consists of a sinus venosus, aiuricle,

venti'icle, and bulbus arteriosus. Tlie sinus venesus is thin-walled and spacious,

formed by the union of the Cuvierian ducts below the oesophagus. The sinous

communicates with the auricle by a round opening. The auricle is a more or

less flattened sac with a tiiangular outhne, covering the dorsal anterior face

of the ventricle. The inner side of its wall is reticulated with muscle bundles.

The ventricle is firm, thick walled, more or less teti'ahedral in shape, with an

anterior vertex, ventral edge, and posterior base. In tlio anterior dorsal fat«

the ventricle is connected with the preceding cluimbers. Thus here the com'se

of blood-circulation is changed. The posterior face or the base is flat or rather

a little concave. The bulbus arteriosus is a laterally compressed sac, ovoidal

in form, with a well developed muscular wall. The sinu-ventrieular orifice is

eUiptical with two large pocket-shaped valves, while the auricuh-ventiicular

orifice is roundish, guarded with four hood-hke valves. The size of the heart

is remarkably large in the Plecostei as it projiels more blood than in the

Teleostei. The form of the heart is diflerent in the Plecostei, the base of the

ventricle is ueai'ly vertical in the order, while in the Scombridae and Cybiidae

it is obUque.

Ai-terial system. The l)ulbus aiieriosus gradually pixsses to the short

ventral aoita M^hich gives off foiu: pairs of afleront Ijraudusil arteries. Tlie

aeriated blood in the gill-arches is mostlv can-ied dorsjilwards to the efferent
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Fig, (J. Diagrams showing the arterial system of the scombroid fishes.

The npper row represents the anterior part o£ the visceral arterial system, showing the ori-

gin of efferent branchial arteries, ooelinco-mesenteric artery, and cutaneous arteries. The Romau
ntunerals uenote the cardinal number of vertebrae. The other rows represent the visceral arterial

system. '«, Scor,\})tT japonicus ; 6, Cyhium niphoniiim ; c, Sarda orienialis ; d, Thunmis genm

;

e, Thxmmis orienWw; /, Pamthunmis mebacfn ; ij, Neothunnus macropterus ; h, Xeothunnus
r-irus; (, K'ltsu'.conus pelwnis : j, Exithynmis ya'tto.
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braucLial arteries, but a very small j^wiiiou is sent venti'alwards beneath the

ventral aorta to form the hjjwbranchial aiierj-, imappropriiitely named, which

nourishes the heart, ventral fins, and the ventral carinales. In the Katsuwonidae

this artery is divided into paired branches behind the ventral fins. A slender

artery rans backwards just above the ventral aorta to nourish the heart. The

artery is formed by the miion of branches of downward efferent branchial

arteries in the third gill-ai'ches. A j^aii of the blood in the efferent branchial

arteries is conveyed anteriorly by the carotid arteries to the cephahc region,

but the greater part of the blood is canied backwtuds liy the dorsal aorta.

To the vertebral system ai'ising fi-om the dorsal aorta belong the renal

ai-teries, subclavian, and in the case of the Plecostei, the cutaneous ai-teries.

The subclavian arteries arise near the the root of the coeliaeo-mesenteric artery

in front of the pharyngeal muscles. They are short, and are soon divided

into two branches, anterior and posterior. The posteiüor branch running

obliquely backward becomes the suljclaviau or brachial arteiy for the pectoral

fin. The aiieiy is divided again into two or more, the exterior one of which

goes to the extensor, the interior one to the retractor muscle of the pectoral

fin. The segmental arteries are given off" along the intermuscular bones, and

also along neural and haemal spines. In the Scombridae and Cybiidae these

segmental arteries are generally found in every other segment of the bod^-.

In the Plecostei, however, they are generally foimd in every segment. Li

the Oybiidiie nearly all the precaudal hypaxial branches of the doi^sal aort^i

give off short, dendi-itic renal aiieries (fig. G). In the Plecostei (figs. 4, 5)

only horizontal segmental aiieries are found in paii-s in almost every segment

of the body, and nourish the dark red portion of the lateral muscle, lying

alx>ve the median horizontal network of the obHque tendons. Generally speak-

ing the cutaneous ai'teries together with the median horizontal segmental la-teries

are the source of activity of plecostean fishes. In the Scombridae jind Cybiidae

those ai-teries are generally found in every other segment, but in the Plecostei

they are found in every segment.

The cutiuieous arterial STOtem consists of one or two lai-ge trunks r unning

near the lateral median line of the body, originatmg in the jx^türal region,

behind the phai-jugeal muscle horn the doi-sal aorta. These arteries are

nearly equsüly as lai'ge as the doi-sal aorta itself. In Tlmnnus they originate in
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the scpnncnt of the fifth vortebm, in Paralhv.mivs aud KerAhunnus iu the stv^rmcut

i)f the eighth or iiiuth vortobrn. EsCHRICHT oljseivml that the dorsjil aortii liecomes

abruptly sknckr after the riimificatiou of tlu se cutaneous arteries, m the follow-

ing words : —" Nach dem Abgang der uiienae aociUareä wird die Aortii plötzlich

mehr als um die Hälfte dünner im Durchmesser ".

In the Thuuuidat> tlii' (ut;ine<jus arteiy runs obliqueh' backwai'd and

dorsalward, pixssLug 1)ehind the third {Tliunnns) or fifth lib {Paraihwinus and

Keot/iuntim), and reaches the surface of the 1x>dy before the intenuuscular bone,

attiichcd al»ve the itiot of the respective rib. Before reaching the surface of

the body each arteiy is spht into two equal branches, running dorsal and

venti-al to the lateral median hue, nearl}' parallel to each other (fig. 3). They

are united again in the caudal iwrtion by a ti'ausverse commissure, and the

comim'ssure is again united to the doi-sjil aorta hj a piir of horizontal

s^mental arteries (fig. 4). Each branch of the cutaneous aiieries gives oflf, at

the sm-fiice of the body, segmental arteries obHquely backwards along the borders

of myotomes for some distance and then bends forwards. The dorsal branch

sends dorsal sqjmi utal arteries only, and the venti'al branch venti'al segmental

arteries oulj-. Tliese cutaneous segmental arteries send aiieiioles axially,

along myooommatii or straightly inward (fig. 3). Both dorsal and venti-al

cutaneous arteries, moreover, send one or t^vo rows of very numerous parallel

arterioles, quite close to each other. These arterioles run obliquely inward,

along the Ijounckiry lietweon the red and dark red portions of the lateral

muscle. They are soon divided into several smaller canals and always run in

association with similar venules making a membranous sheet investing and

nourishing the dark red porti<JU of the lateral muscle. The arterioles in the

vascular sheet gradually unite agsiin reduced in number at about midway

between the surface and the axis of the body, and vanish in capillaries, so

that the dark red portion of the Literal fbuscle is not entirely covered with

fine bloodvessels and cfipillarics u&vc the axijil i^art. The vascular sheet is

thick near the sur&ice of the body, becoming gradually thin as it approaches

the axis of the body. In the Plecostei, except Evthynnus, the cutaneous

arteries always run on the axial and inner side of the accompanying veins.

Generally the axial margin of the cufameous vein pirtly covers or is at least

apposed to the abaxial margin of the accompanying cutiuieoiis artery ; but in
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the blue-finned tuua from San Pedro, Cal., I foimd the axial margin of the

cutaneous vein partly covered by the abaxial margin of the accompanying

artery. In Eidhynnus (all kno-ma species iuclusive), however, the cutaneous

artery Ues on the abaxial side of the accompanying vein, and the axiiil margin

of the cutaneous artery is partly covered by the abaxial margia of the

accompanying vein (fig. 26). The distribution of smaller canals on the wall

of the cutaneous arteries is variable in difi'ereut species, and so far as I have

examined, there are no two Japanese sjaecies of timnies which luive the aiierioles

distributed ia the same way (figs. 20-24).

In Thunnus germo arterioles are distributed on the external axial side of

the artery hi two or more rows, and they run axially. In Thunnus orienicdis

arterioles are found on the interruil side in one row, in Parcdhunnus mehachi

iu two rows, internal and external, in Ntothunnus mcwropterm in one row or

two indistinctly aitenaate rows on the side near the lateral median line of the

body, and iu Neothuimus rarus in one or two alternate rows at the middle of

the abaxial side. In the Katsuwonidae, the cntaaieous artery of the epaxial

side would be homologous to both the epaxial and hypaxial branches of the

cutiuieous artery of the Thunnidae. The liypaxiiil cutaneous artery of the

Katsuwonidae is remarkably short and slender, it generally origiuates iu front

of the epaxial artery, and takes a forward direction, and after passing through

the kidney turns backward, it is situated in a more ventral position than the

hypaxial branch of the cutaneous artery of the Thimnidae. Iu Kaisuivcnius the

epaxial and hypaxial arteries are nearly equal and origimxte fi'om a common

lateral branch of the dorsal aorta, in the hiud part of the st^ment of the sixth

vertebra, just behind the pharyngeal muscle. The common lateral branch of

the dorsal aorta ia very short, horizontjil. It is divided iu the kidney into

two canals or rather it is united to a gently curved caual, two Umbs of

which are turned backward. The epaxial hmb passes beneath the fiist rib

and then between the intermuscular" bones of the second and third vortebnie,

while the hypaxial hmb passes over the first rib. In Katmioonus the cutaneous

artei'y is obviously narrower in cahbre than the dorstil aorta, and the epaxial

and hypaxial branches are much more sepirated from the kteral methan line

thiin in timnies. The arterioles from these branches are given off at the sm-fiiiCe

of the body, between myotomes on both sides of each branch, dorsal and
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VGiitral. Those numerous artoriolos uourisLing the dark red p>rtioii of the

lakTal muscle run axially. lu Etdhynmts aud A^txts there ai« two pairs of cutaneous

arteries originating from two diflereut jxjints. The anterior pair is smaller,

homologous to the hypixial hmb of the cufcmeous artery of Katsutoonm, and

is given oflf fiom the Ixxly segment of the sixth vertebra. The artery takes a

more or Itss forward direction, pisses through the kidney and then turns

backwai-ds. The artery has no relation with the dark red muscle. Th»;

jxjsterior pu'r is very thick, nearh' jus thick as the dorsal aorta or a Httlc

tliickcr thiui it, probably homologous to the whole cutaneous artery of the

Thmuiidae. The posterior jxiii- of cutaneous arteries takes an obhquely upward

and backward direction, and makes its appearance at the surface of the body,

between the intermuscular bones of the fourth and fifth vertebrae. The ai-tery

runs a little above the lateral median line, aud seems to vanish in the cjiudal

part. Tlie cutaneous artery sends oft' segmental branches to the surface of the

body, both dorsal and ventralwards, and axially very numerous arterioles to

the dark red portion of the lateral muscle. These arterioles are lUTanged in

two diverging sheets to invest the dai-k red j^wrtion of the lateral muscle. In

a rare abnormal case, I found the posterior cutaneous artery joined to the anterior

cutaneous artery, but in such cases the abnormality is found in one side of the

body only.

In the Plecostei ßuljspinal viiscuLir plexus or the kurochiai, the vascular

plexus in the haemal canal, deseiTe attention. In Neothunnus vertical aiierioles

originate iis short parallel ninnerous vessels hxym the dorsal aorta in the same

way as the accompanying venules originate from the caxxJiual vein aud these

together make a black red i-od as thick jus a thiuub. These numerous aiierioles

unite again to two pairs of segmental aiieries in each body-s^ment, one along

the intt^rmusculai* bone, the other along the neural spine. Tn the Katsuwonidae

the sulispinal vascular plexus does not lie just beneath the vertebral coliunu

but is more or less sepu'ated finm the latter. In Eiithjnnus aud Auxis

(fig. 2) the doi-sal aoi"ta is so remarkably separated from the veiiebral colmnu

that tlie kurochiai is lx>nt hke a bow. In Auxis the arteiioles are few in

number and the subspinal vtisculai- plexus is much d^;euerated. The obhque

segmental aileries from the dorsal aoi-fai nourish the dark red portion of the

lateral muscle from the axial side.
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The coeliaco-mesenteric artery (fig. Q) is a claief impaired visceral artery

originating just before tlae right pharyngeal muscle. The artery passes the

right side of the muscle and is divided into three branches. I shall distinguish

them as the fii-st, second and third branch respectively ; numberiug fi-om the

left dorsal side gradually to the right venti-al side. The &,te or destination of

these branches are very different in different species, especially in the Plecostei.

The first branch is short and simple, but the other branches are large and

branching. In the Scombridae and Cybiidae the fii-st branch nourishes the

oesophagus and the left doi-sal side of the stomach. The second branch is divided

into two branchlets, one of which nomishes the right dorsal side of the stomach

and the air-bladder, when it is present, and the other the spleen and intestine.

The third branch the ventral side of the stomach and the pj-loric coeca. In

TImnnus the first branch is abortive, and nourishes the oesophagus only or is

entirely absent. The second branch is divided into short parallel numerous

ai'terioles in the right lobe of the Kver and then reunited to about three branch-

lets, one to the air-bladder, another to the right dorsal side of the stomach,

and the remaining to the spleen, pyloric coeca, and intestine. ITie thh-d bnmch

nms along the abaxial side of the liver and is also divided into numerous

nrterioles in the middle and left lobe? of the Uver. These ai'terioles are reunited

into principal canals, one nomishiug the left dorsal side of the stomach, and

the other the ventral side of the stomach, pyloric coeca, etc. In TImnnus orieiüalis

the third branch is subdivided into two before splitting into numerous arterioles.

In Parathumms the first branch nourishes the oesophagus and the left dorsal side

cf the stomach as in the Scombridae and Cybiidae. The second brauch nom-ishes

the air-bladder, right doi-sal side of the stomach, spleen, and intestine ; while

the third branch is divided into two branchlets, one into the liver the other to

the ventral side of the stomach, pj-loric coeca, and intestine. In Neothumius

neai-ly the same as in Parathumms, but the aiiery to the Kver is much more

degenerated. In Kaisuioonm the fii-st branch nourishes the oesophagus, left

dorsal side of the stomach, but in Eufhijnnus and Avzis it is very short,

slender, and nourishes the oesoplmgus only. The second branch noiuishes the

light doraal side of the stomach, spleen, smd intestine, while the third branch

nourishes the liver, ventral side of the stomach, and intestine. In the Katsu-

woiiidae the hepatic artery runs more or less forvvard near the root.
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RENALOIlG.\NS.

Tlie kidneys are well developed in the Scombridae and Cybiidae. Tlicy

me paiied, very thick at the sides of the plmryngeal nnisclos, but behind these

muscles they are blended t )gcther and bocoino gradually narrow towards the

caudal portion. In Sarcla orlcnlalis tli<! kidneys are united Ijefore the phiirj'ii-

geal muscles. The organs reach the otic region of the cranium, then run along

the ventral side of the vertebral column, between the base of ribs, and lie above

the peritoneal membi-ane of the air-bladder, when it is present. The organs

often reach the anus posteriorly. They never enter the haemal canal. The

kidneys are reddish in colour, which become paler in preserved specimens and

minute black spots may be seeu scattered all over them. Tliese are due to the

pigment cells aocumuLitt'd iu glomerules. In the Plecostei the kidneys are

generally conccutrnted in the ptctoral region. This is especially the case in

primitive forms of the order, for insta,nce, iu Tliunnus germo and Hi. orimtalis

the kidneys are more or less ring-shaped, as the organ of one side is connected

to the organ of the other side at the anterior and posterior sides of the pharyn-

geal muscles. In these forms of tunnies a slender kidney-Uke organ enters

the haemal canal and rims more or less posteriorly, just below the vertebral

column. The organ is thickened at the root of each haemal arch. In other

forms of tunnies the kidneys are elongated backward along the doi-sal wall of

the abdominal cavity. In the Katsuwonidao the oblong spice for the passage

of the pharyngeal muscles is divided by a median longitudinal biidgc of kidneys.

The seemingly renal organs in the haemal canal are detached from the main

body in Katsutvonus. In Aiixis the renal organ is not found iu the haemal

canal. It is not developed in the cephahc region, and its posterior part is divi-

ded into two long slender bodies, nmuing on lx)th sides of the posterior car-

dinal vein.

In the Scombridae the ureters are nearly separate from each other, in the

Cybiidae they are separate for the most part, but are united to a short mediin

duct, befoi-e openiug to tlie urinary bladder. Iu the Thunnidae they are imited

to a long median duct, but they are nearly separate again in the Katsuwonida«.

In Tliunnus germo two m-eters meet nearly in a transverse line, perpendicular

to the median imited duct, and at the middle of the former there is a short
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median septum. In Thunnus orientalis the two ureters meet in a figure like

U, and in the other forms of the Japanese tunnies they meet Hke the figure

Y. In Katsuwonus the two ureters run quite near by in the posterior slender

part of the kidneys, and finally unite to a median canal of some length. In

Eufhynims and Auxis the two ureters are nearly separate.

liie urinary bladder is variable in size, form and position. Generally it

is small and lies behind the peritoneum, but in AcantJioci/Uum, Neotlmnnus, and

Auods the bladder is large or much elongated and is found in the abdominal

cavity, suspended in the mesentery or between the two genital glands and above

the rectum.

REPRODUCTIVESYSTEÄI.

In the scombroid fishes the generative organs are paired, large, and elon-

gated sacs on the roof of the abdominal cavity, suspended in a fold of the

peritoneum, and extend along almost the whole length of the cavity. The organs

on both sides are symmetrical, nearly equal to each other in form and size. In

Awxis the generative organs, both male and female, extend backwards along

the side of the anal fin. This backward extension is not so marked as in tbe

case of the female flatfish, but its cause is the sitme— the naiTowness of the

abdominal cavity. In scombroid fishes the genital glands generally seem tj

lij^jen in the third year of gi'owth, that is when the fish is two yeai-s old.

The testes have trenchant edges, hence more or less lanceolate in cixjss-

section, and when ripe, milky white to light yellowish in colour. The ovaries

are fusiform, more or less roimdish in cross-section, and yellowish in colour, and

greater in volume than the testLs. In tunnies the gonads grow very large,

attaining several kg. in weight. As the eggs in them are minute as in other

fishes, their numlier is no doubt enormously large.

Scombroid fishes generally spawn in the warm season, and in the open

sea. So far as I know, Sco/iiber japonicus, Q/himn niphoninm, and C. kareaimm

are the only spscies which spawn in oiu' bays and inland seas. Spawned e^:s

and larvae of the plecosteau fishes are still imknown.

The generative organs of both sides coalesce near the hind end, and the

hmiam in them unite to a short and wide duct, which opens as a transverse

slit on a papilla, Ijohiud the anus.
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Biology and Ecology.

IL\.BIT.

The scombroid fishes ai'e said to ho ix'lagic, hut only the fishes of the

IMfCostei are ti'iily pelagic. The luuckorels, ScomI.er and Ikistrellifjer, live in

littoral waters, and most scerfishes too. The tunnies nud Ijonitos, h(wevor, feed,

spawn, and giww in the open sea.

Scoml)roid fishes generally swim to the sliallower stratsi of water at night,

and retm-n to the deeper layer in day-time, probablj- following the movement

of the plankton, and also that of those aninmLs \\lii(li fce<l on pljiukton. Thus

the twilight is the best time for fishing these fishes.

Scombroid fishes swim near the surface of the sea, in and aftsr tlie spawn-

ing sciuson. Tliese fishes are alert and veiy diflicult to catch. They approach

the shore in warm seasons, and retire to deeper hiyers of water in ofi"-shore

grounds in cold seasons. When a southerly wind blows, the common tunny

comes near the surface of the sea, and also approaches the shore. Until recent-

ly, no drifters for the timny were found out on the sea, whi;n other winds

prevailed. Lightning and the sound of thunder are said to fi-ighten tunnies

and bonitos, driving them into deeper strafai of the water.

Timnies are often said to resort to the neighborhood of deep rocky banks,

rising to ca 200 m below the siurface. Especially Parathunnus mebachi S'wim

in rather deep layers of water, about one hundred metres below the surface.

Tliumms (jeriao is said to descend to a depth of ca 80 m, wliile the other tun-

nies can descend to a depth of ca 50 m. In summer, schools of Thunnus ori-

entcdis and Neothunnus maa-opterus sometimes swim with the tips of the dorsal

fins and the anal out of the water. Bonitos swim quite near the surface of

the sea, and seldom descend below forty metres.

Scombroid fishes often leap out of the water, or show the iX)Sterior por-

tion of theh' body, especially when they are feeding. Parathwimis mebachi is

Siiid to have a peculiar kibit of leaping out of the water at day-break.

Scombroid fishes very soon suociunb after a violent convulsion, when caught

and taken out of the water. They are very difficult to keep alive, except the

common mackerel, as they dart against the fence, when confined in a narrow

space, and they can not exist in water of low salinity. Tunnies desert
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littoral grounds after a laeavy rain, and approach the coast in summer, after a

long draught. In the Bay of Yenoura, at the foot of Mount Fuji, tunnies are

sometimes kept alive, suiTounded by a wall of strong netting near the shore.

Pelagic scombroid fishes often crowd under drift wood or algae, or follow

whales or vessels. Acanthocybiura sdanderi is attracted to bundles of wood

moored at the surface of the sea, purposely devised by fishermen..

Fishes of the Cybüdae are voracious and audacious. They strive to get

out of a pound-net, pushing their head through the meshes at the bottom at

night, though in the day-time they are afraid to pass through meshes.

Plecostean fishes are especially timid, as was observed by previous writers,

and do not dare to pass through the meshes of a net, imtil they are confiued

in a narrow space, though the meshes are wide, expanded, and large enough

to be passed freely. ^Neither do they enter a dark cove, nor approach very

near a rocky precipitous wall. When some fish are entangled in a net,

and are sti'ugghng to eseajie, the remaining fish of the school are scared away.

It is, moreover, told that they are tenified and disappear when they see blood.

Thus the throwing out of bilge-water, contaminated with blood, is not per-

mitted at the fisliing ground, and with the same reason long lines of sharks

are considered to be disadvantageous to bonito fishing, as sharks shed blood

when hooked.

Generally the male fish come filmst, in the middle of the fishing season the

number of both sexes is neai'ly equal, and at the end of the season the femde

fish predominate.

The habits of the scombroid fishes are often influenced by tides. Mackerels

often float towards the sui-face of the sea, shortly after the flood-tide. Some

seerfishes ai'e said to be very active in the ebb-tide, and Gymnosarda nuda la

said to bite hooks well, when there is no tidal cm-rent. Some tunnies are said

to resort to the shore with the flood-tide.

Bonitos, except Euihynnus yaito, axe said to be veiy clever in making a

school of small fish very dense, by swimming round the school of the victims,

and devouring stray or forelom individuals gradually. On the conti-ary, tunnies

and seerfishes swim into a school of victims, and dispei-se them. The feeding

of a fish seems not always the same thi-oughout the year. The striped bonito

is said to decline to take l>ait in certain seasons, generally in mid-summer.
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FOOD.

Fisb lielonging t<j the geuus RastreUigcr seem to feed exclusively on

plauktou, chiefly copedpods. Scomher is also a plankton-feeder, hut its food

differs in different seasons and localities. In bays tlio fish is omnivorous, and

feeds near the bottom ; but in the open sea it seems to feed near the surface.

Fishes of the Cybiidae are voracious, and feed chiefly on snrfiice-swimming and

school-making fishes, such as sardines, ancho^^cs, saurels, mackerels, sand-eels, &c.

Timnies are also voracious, and most of them feed chiefly on plaukton in

the open sea. So far as I know, Neothunnus raitis seems to be the only speciej

which feeds near or in Httoral waters, and chiefly on fishes of moderate

size. When tmmies devour fish of somewhat large size, they break their verte-

bral column near the neck or the tail, probably with their strong jaws, most

likely to prevent movement of the engulfed fkli in the stomach. Once I found

a specimen of Leptdopus, about two metres in length, in the stomach of a tunny.

It was found bent several times in the stomach. A full-grown tunny can swallow

bonitos or young tunnies under 40 cm in length. The smallest animal found

in the stomach of a full-grown tunny measured about 5 mm. in length. Judging

from the position of food in the stomach, we imderstand or rather imagine that

tunnies swallow fish sometimes from the head, and sometimes from the tail.

Tunnies feetl on Hving animals, but they are enticed by deceased or preserved

baits as well, and even to artificial batis when they are moving in water. The

food of bonitos is nearly the same as that of tunnies. However, bonitos can

not swallow large animals as tunnies do. Many interesting forms of the plaukton

and immature fish, etc. may be foimd in the stomach of tunnies and bonitos.

I have obtained two fine specimens of Mda mda, very large phyllosoma of

Sci/Ilartis, immatm-e specimens of free-swimming stages of Scyllarus and Panu-

lirvs, Onijckoteicfhis, a great many specimens of Watasenia scintillam from the

mouth of Tokyo Bay, several species of Pleradis, Acanthurus (immature), Chielo-

don (immature), Maurollcus, Argylopelecus, Holoccntrum, Oslradon, Caesio, Exo-

coetm, Sergesks, Acardhephyra, different kinds of Heteropoda and Pteropoda.

Scombroid fishes feed on swimming animals, and do not prey at the bottom,

nor at a wall nearly perpendicular. They swallow the foad, djtrting quickly

towards it, and swim away more or less downwards, therefore they are forced
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to make a large circuit if tbev intend to take food again near the same spot

as before. Generally they hesitate to swallow food, when it is too large for

a mouthful. As a rule they pui'sue food into shallower strata than those they

are accustomed to. While feeding, fishes in a school swim in different direc-

tions as they like. A fish which has taken plenty of natural food, is easier

enticed to baited hooks than one with an empty stomach. This may bs ex-

plained by the fact that the fish become fi'euzied from competition when feed-

ing in a school, and bite any object, suspended or moving in the watei', but

when they are not feeding they are rather shy and suspicious, and thus do not

easily bite baited hooks. When tunnies bite baited hooks, they swim down-

ward at once very quickly, about 200 m, more or less obliquely, so that tunny-

fishermen are provided with a sti'oug line, longer than 200 m.

deyelop:ment and growth.

The development of mackerels and certain seerfishes can be studied ; Imt

that of the plecostean fishes is very difficult to study, as these fishes do not

approach the land, at least in the spawning season. I have not yet succeeded

in obtaining these fishes with mature reproductive elements. Consequently the

larval and jx)stlarval i3shes of the Plecostei are still unknown. Two small

specimens described and figm-ed by Lütken (53) and identified to be the young

of T/nmmis dlalonga are the smallest examples, so far as I know ; but most

probably they do not belong to the Plecostei, as the foremost spine of the first

dorsal is remarkably shorter than succeeding spines. They would most probably

be immature forms of the Cybiidae, as the jaws aie long and the teeth large. An

immature sj^)ecimen caught in a tow-net during the Challenger Expedition, be-

tween the Admiralty Islands Jiud Japan, and described by Günthek (32) is

probably a plecostean flsh.

In ÄLay, immature fishes of Scomler japonkm about 45 mmin length are

caught together ^^ith colourless fries of the sardine, anchovy, etc. near the coast

on the Pacific side. These immature fishes

have slenderer body, rounded snout, teeth in ^^^^f:^^^
the lower jaw iu two rows, but remarkably few %

in number. In September they gi-ow to the ^'«- ^- ^"*"*"- '"'*"""'*• ^"'' ''^"

lengtli of about 12 cm, iu October 1 5 em, and when one j-ear old to 18 cm. I am
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inclined to believe tbat the young fish, about 27 cm long are two yeara old,

jind young ones about 35 cm axo three years old, and sexually mature. Thus

tJie gi'owth of our couiiiiou iiuK'ken4 «h?iiis to I« nearly the same as that of

Scomber scombrus of the Athxutic. However, this rate of growth is slow compared

with tliat of other scombroid fishes, and needs confirmation.

So fiu" as I know, eggs of the saimbi-oid fislies ai'e i^elagic, spherical, and

each egg is provided with a pretty lai-go oil-globule. There are very little

distinctive characters iu eggs of different species. Eggs of Cyhium niplionium

are vei*y large, the largest among the pelagic eggs, found in the luhxnd Sea

in spring.

Li 1920 I found a hu'va of Cijhium nij)hc»imm, 8 mmin length, among a

bunch of immsitui-e forms of various fishes from the bunt of a seine, hauled t<j

catch tlie adult of tliat species, on June 7th, iu Kagawa-ken. The larva has

a very long snout, powerful jaws with large teeth, prejpercle with tliree spines,

very short but broad precandal portion, pigment spots on the head and along

the ventral median line of the caudal portion. An immatiu'e fish of 33 mmin

length has a lai'ger head and broader body than the adult. The preopercle is

armed with about four spines. The pectoral is

^^»T^tf^'^iWlSsSs^,^ V—B small and rounded, and the posterior portion of

' ^ -_* '"'*»o the second dorsal and anal begin to be sepa-

Fig. S. Cijhiufii niphonium rated to finlets. In this specimen the precaudal

portion was elongated to a nearly similar length

as the caudal. Tlie first dorsid is higher than the second. An immature fish

of 100 mm, caught late in Jidy, 1914, luis a still broader body than the preced-

ing. The fii-st doi"Sid is lower than the second dorsal, and the caudal is much

Fig. T. Cyb'mm niphonium (immature). Nat. size.

developed. The general appearance is quite similai' to that of the adult. The

colour markings are however wiuiting. In the imuiatme fish Ijelow this size
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the outer margin of tbe first dorsal gradually descends and its spines are 20

or 21 in number instead of 19 in tlie later sfciges, due to the depression of

posterior spines. In October the immature fish grows to a length of ca 27 cm,

and attains all tbe specific chaxacters of tbe adult. As tbe fi.sb gi-ows tbe spines

in tbe fin become longer, especially at tbe posterior part. One year old fisb

is ca 50 cm long and immature, while a two year old fisb is about one metre

and is matui-e.

Cyhium Tcoreanum spawns in June and its immature fisb is alx)ut 24 cm.

in Septemter. It bas a larger bead, second dorsal and aual lower than tbe

adult, and a few, scarcely visible markings in a row, jast below tbe lateral

line in tbe precaudal r^ion.

An immature fisb of Cyhiwn commersim, 13 cm. long, was caught on

July 27, 1916 near Kcelimg, Taiwan. It has a larger bead, remarkably

broader body, sboiier snout, and larger eyes than tbe adult. The first doi-sal

is higher and its hind portion remains colourless. About ten oblong mai-kings

are found at tbe back. They scarcely pass down tbe lateral line. A httle

larger specimen in the Museum at Tailioku measures 22 cm in length, and htis

larger eyes. The coloiur markings are elongated do^Tiwards, but they ai-e not

continuous, more or less bead-bkc, and now nuir kings are iidded between the old.

An immature fish of Sarda orientalis, 17 cm in tbe total length, was

caught at the end of April, 1922, in a large dip net, called "böke-ami," in tbe

Hai'bour of Kusliimoto, Wakayama-keu. Tbe net was used at night imder

an artificial light to catch fries of the mackerel. The immature fish of Sarda

has about twelve transverse bands. In each of these bands Me find about six

Fig. U. barda orientalis (imnmture). 2;'3.

longitudinal bauds, which ascend more or less backwai'd. Pectorals, second

dorsal, and sxmil are very small. In Septemlxjr, 1900, a little laxger immature

fish, 23 cm in length, was caught in a gromid seine on the east coast of
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Aomori-ken. Tliis specimen is nearly tlie siuue as the preceding one, but it

is a little hruader.

An immature fish of Acaiuhocyhium solandri, 27 cm. in the total length,

was caught oft' Daicsaki, Miye-ken, in September 1917. It has about twenty

transvei-se bjmds. Tho.se in the precaudal region fade away neai" the venti-jil

nutliiin line, but in tlie caudal region they are manifest from the back to the

ventral media u hne.

The growth of timnies seems to be veiy rapid. The common tunny,

Tlinnnvs wientalis, most probably reaches umturitj- in the third year of age.

Thunmifs oriadah's, ca 22 cm in the total length, is the smallest specimen I

have stcu. It lias ton t<j fifteen faint ti'ausveise bands which fade toward the

ventral median line. These transverse bands are divided into two at the

venti^sU jKirt. Such small individuals are found in Augast and in September.

Som-} of them giv>w to a length of 30 cm or more. By nest spring they

grow to a length of ca 60 cm (fig. 43). When two years old they are about

one meti-e in length and eleven kg. in weight. Thi-ee years old fish is con-

sidered to weigh about fifteen kg. The growth of Tlmnnus gerrao and Neothunnvs

^

%
Fig. V. Euthynnus yaUo (immnture). 2/3.
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macroptents in the Gist aud second years seems to be nearly the same as that

of the common timny ; but in the yoimg form of T/mnmis germo reticulating

longitachual bands are foimd, instead of transverse bands.

Tlie smallest specimen of Katsinoonus jxlamis in my collection is 21 cm.

in tlie total length. It has a, slenderer body than the adult, three dark

obhque mai'kings at the back of the caudal portion, and one faint longitudiaal

band under the lateral Ime. This specimen was caught in August, 1916, at

Okinawa-ken, and seems to have been a fish hatched during the same year.

The smallest specimens of Euthjnnus yalio in my possession are 13 cm in the

total length. One of them was sent by IMi'. Gobee. It was collected by the

SS " Gier " in November, 1907. The other specimen was collected near

Keelung, Taiwan, in 1919. They are very slender aud have eight or more

transverse bands on the side. These bauds are nearly vertical and fade toward

the ventral median hue. When they giwv to a total length of 19 cm the body

becomes very broad, the thoracic spots ap^joiir, the bands gradually disappear

from the ventral pai-t, and the dorsal part of the bands becomes oblique.

Mr. S. ToMiNAGA sent me several immature specimens of Avxis maru,

which he obtained from the stomach of striped bouitos, caught off Awakunijima,

Okinawa-ken (Ryukyu). They measm'e 11-17 cm. in length. Tlie largest

specimen is nearly the same form as the adult, but the specimens, 11-13 cni

in lengtli, are remarkably slender. The skin is more or less daimaged by

gastric juice, and the markings are not foimd in these small specimens, but

in the largest specimen, there seem to te some ti-ansverse bands. They were

collected on July 10, 1921.

LOCOMOTION.

About the locomotion of the fishes of the Scombridae and Cybiidae there

is nothing new or pecuhar. It is quite similar io thjxt of other teleosts.

Swift and unceasing locomotion is, however, characteristic of the Plecostei.

It is impossible for fisliing boats, running about 10 knots an hour, to

accompany a school of the striped bonito in progi'ess, so that fishermen

throw out live baits to attract and thus to n>tard or stop the progress of the

school. Plecostean fish scarcely bend their Ixxly in locomotion, except the caiidiU

peduncle, as will easily be understood fi"om the fcjrm and construction of the
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vei"tebml columu, it c;iu not lie en3Ll\' In'ut. Tho tail-Cm is rigid ;i,uil liiuiite,

its quick and ^wwerM strokes cjiii Ijo uudersti:iil from the quick iind IJgli

pitched souud pitKluced liy the fish in its death-struggle on the deck of a boat

when caught. If a hmding hook is driven by uiisfcike into tlic caudal peduncle of

a tunny, we can not hold it, as the hands Ixx-oiue paralyzed h^om the violent

convulsion of the muscles. Neither can we hold, even for a few seconds, a

landing hook driven accidentally into a tunny swimming away from our lx)at.

Reallj- bonitos and tunnies swim like meteoi's. The ti"olI-line for tunnies as

^^ell as the line attached to a harpoon-head used in timuy-fisliing require a

ivsen-e of at lejist 200 m, though the ti'oU-lino for a seorfish luis a reserve of

only 30 m or often none at alh

mCRATION.

The scombroid fishes, especially the plecosteans are good swimmers, and as

they are voracious, they are forced to swim .alwut incessantly in search of

food. Like many other fishes, scombroid fishes generally swim in shallower

strata of water at night, and seek the deeper strata in day-time. They migi'ate

more or less accorcling to the change of temperatiu'e. lu the cold season

they seek lower latitude.?, iu summer they go fui-ther north ; but Gyhiwiii

commosmi seems to be exceptional, visiting the western coast of Hondo in

the Japan Sea in ^vinter only. The migration of the striped l»nito is also

i-emarkable. On the Pacific coast the fish migrate with the wai'm current and

in summer they reach the southeastern coast of Hokkaido and remain tl:ere

till autumn. Iu their northerh' migration they apx^roach the coast, but iu

moving south tliey swim off-shore. In the Japan Sea they take a quite

difiei'ent com'se, appnxiching the coast in their southerly migration in the cold

season. The migi-atiou of Thunnns orienkdis and Tk. gernio in the Pacific

coast is nearl}- the same as that of the stri^ied bouito. Thunnus orieiitalis in

the Japan Sea approaches the coast in going north, in early summer.

Generally s^x^akiug of scombroid fishes, large and old are caught at the

beginning of the fishing season, wliile at the end of the season only yomig

and small ones aie found.
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DISTRIBUTION.

Scombroid i5shes are generally •widely tlistributed, and many of them

are really cosmopolitan ; but some of them are confined to limited distiicts.

For instance Cyhium Tcoreanum and Neotlmmms rams liave restricted distiibu-

tion. Generally speaking the mackerels and seerfishes which have a wider

range in vertical distiibntion have a narrower range in horizontal distribution.

Scomber japonicns is very widely distributed. It is said to occur in the

Pacific as well as in the Atlantic. In the Pacific it is found on the .Vsiatic as

weU as on the American coasts. However, the fish is not found round the oceanic

islands, such as the Kyukyu Islands, Ogasawara Islands, and South Sea Mandates.

Adult mackerels migi-ate in summer to shallow waters, ca 20 m deep in a bay,

but retire in autumn to deeper waters of 40-100 m, and in winter to off-shore

banks, ca 200 m in depth. Generally mackerels are not found in deeper strata

of water than ca 100 m. In waters within the 100 m line of depth, mackerels

are found 1-4 m above the bottom. They come near the sm-face in the even-

ing, and may be atti-acted to shallow sti'ata within 40 mbelow the sm-face.

BastrclUgcr is confined to the Eyukyu Islands in oiu' country, but it is

widely distributed iu the tropical seas.

In the Cybiidae, Grammatorcyniis is found only in Kyukyu Islands in our

country, but is widely distributed in the tropical region of the Indo-Pacific.

Cijhium niplionmm is found in the littoral waters of Japan, Korea, and Chirni.

Cyhium Tcoreanum is restricted to the west coast of Korea. It is remarkable

that this species ascends the brackish part of rivers. Cyhium commerson is

regularly caught, tliough in small numbers, near Senzaki, Yamaguchi-keu, in

autumn and winter. This species is caught in abundance in Formosa in spring.

Cyhium guUatmn is found in our waters only in Formosa. Cyhium chineme

is found in Japan and China, fi'equently near the Korean Channel ; but they

are rather rare in other regions. Acanthyocyhinm solandri is a pelagic species,

nomadic in habit, and inhabiting warm seas. It is found at the mouth of Tokyo

Bay, in the east, and in the south western paii of the Japan Sea. Sarda

orienialis is abimdant in Kyushyu, but it may be found in Aomori-ken in the

north, both off the Pacific and tlie Japan Sea coasts. None have been found in

Fonnosan waters. I do not know whether the Indian species of Sarda is identical



COMrAK.\TIVE STUDYOP SCOMBROIDFBHES. 391

with oiir S|xx;ie3 or uofc. Tlie Hawaiinn species looks quite similar to our species

ill external characters ; but miuute examination is necessary for identificjitiou.

Sd far as I know the plecostean fishes aie most rich in number of species

in uur waters. ,\mong our tunnies, Thunnm orienkdia is rather widely distribufc-

e<l. Ncothunniis raws is found only in Kyushj-u and the south-western part of

the Jrtimn Sea. In the Japan Sea we find only three species of tunny ;

—

Thunnus orimtalis, Neothwimis macropterus, and Ncothunnus rar us. The latter

two species, however, are very few in numlier, and there is no regular fishing

for them. .-Ul the species of tunuies found in the Japan Sea Uve near

the surface and approach the coast. The tunnies inhabiting oflf-shore grounds

and descending into rather deep strata of water have not yet been found in the

Japan Sea. Tliis is most probably due to the fact that the temperature of

the sea is too cold for these species. Bonitos are also foimd in tlie Japan

Sea ; but rathei' few in number, and Euilajnnus yaito is very rare.

Tlie scombroid fishes with the air-bladder Live generally a wider range

of vertical disti'ibution than those without it. The latter group of fish is

often restiicted to the sm-face of the water. Or they are near the surface

in some seasons, and descend to deeper layera of the sea in other seasons.

They can not change their abjde suddenly, but wlieu the change Is gradual

they can endure it. Most scombroid fishes swim in shallow strata of

water, but timnies generally, especially Parathunnns mebac/d, are found in

deeper strata of water than binitos. ]3onitos and voracious species of the

Cybiidae frequent the surfac« of the sea and are readily atti'acted to artificial

baits. These fishes are rarely found in deeper sti'ata tloan about 80 m.

The scombroid fishes are foimd in warm seas, the majority of them Ije-

longing to the tropical and subtropical regions, and most of them are very widely

distributed. They swim very fast in search of prey, and many of them have

then- oAvn blood-temperature as higher animals. Our common mackerel and the

striped bouito are cosmopolitan species. The long -finned tunny
(

Tlmnmcs germo)

and Acanthocyhium solandri, too, seem to be widely distiibuted, though a

critical determination of the species fi-om dififerent pai-ts of the world lias not

yet Ijeen made. The following tables illustrate the distribution of scombroid

fishes in om* waters and adjacent regions.
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Table showing the temi)eratuiv of ^^at<'l• in wliii-li

st^jjubroid fishes are foimtl.
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ENEINOES AND PARASITES.

The gigantic species of the scombroid fishes have few enemies. Tiieir most

dreaded enemies are dolphins, especially the kiUer. Killers often await the

passage of large schools of tunnies in a strait, such as Tsugaru Strait, and

attack them furiously. Favourite resorts of killers in the strait are near Cape

Omaand Cape Tappi. Small species and immature forms, however, have many

enemies —seals, dolphins, spear-fishes, the swoid-fish, sharks, and larger forms

of their own or alUed species. When we find dolphins in places, where mack-

erel fishing is actually canied on, the mackerels very soon desert the gi'oimd,

and do not come back for some days after.

External parasites are mostly copepods and trematods. They are found

on the upper surfcice of the pectoral fin, the inner side of the opercle, gill-

lamellae, in the nasal cavity, the mouth cavity, etc. These parasites are,

as a rule, not numerous ; but sometimes copepods are found in large batches.

The Odocoiyle is a minute parasite found among the giU-lamellae of Scomhei'

japonicus, but the Hexacotyle is large and is found among the gill-lameUae

of Parathtmnns mehachi. Tiistommn Uves in the nasal cavity of tunnies.

Internal parasites are chiefly trematods and nematods, living in aliuientary

caual, circulatory system, muscles, tissues of the viscera, etc. Species of Didoma

rise AcanViocyhium, tunnies, and bonitos as hosts. Ehynclidbothrium is found in

the flesh of Katsmvontts pelamis rather abimdantly in summer. A species of the

Filariadae generally inhabits the superficial dark red muscle of Paraihwmns

mehachi. The parasite changes the colour of the muscle, which becomes more

or less yellowish. Once I found a very long nematod in the cutaneous artery

of EidliyniiKs yaito. Often a species of nematod is found in the dorsal aorta

of Neothuimus macropiervs ; the parasite causes the tissue of the canal to bei'ome

thick and tough, giving it at the same time a yellowish tint.

FISHERY.

Fishing of the scoml)roid fishes has Ixxm jjursucd in our islands since

the stone age. Bones of these fishes have been found in shell-mounds in

different localities of our empire, as I have said already in a paper on the

preliistoric fishing of our counti-y (42). Bones of Thminns orientalis are most

abuudaut, and those of Knlsuivo7W.s jielamis and Scomber japonicus are fi-equently
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mot with, but thoso uf Auxts aud Cijhhna niphonhtm jiro ratbor rare. After

the publication of the papn", I obtaiuod through tho kinduess of Mr. Gknshichi

Yendo a s^x^ar-head, 214 mmLjug, lacldug a barb, carved from a caudal

fu-ray of a tunny. He collected it from a shell-mound of Miyagi-keu. A

lai'gc caudal vei't<'br!i, rooontly discovered by Mr. Akira Matsl'MUHA in a

sheU-mouud of Ogido, llyukyu, Ijelongs most probably to a species of G7jm-

iiosarda. A few vertebrae of Euf/iynnits yaito were also taken from a shell-mound

of Iha, Ryukyu, by Piince Kashiwa Öyama.

In some poems composed in the period of Tempyö-Shühö (749-75fi) and

cited in the " ManyCshju ", we leam that the timny was caught at tbit time

with six3ars as well as by means of hook and line. In the " Yengishiki", a

dassicixl work compiled between 900 —-927, we find names of several kinds of

food, prepxred fi'om the mackerel and the stiipcd Ixinito. These products

were paid as tiüliute tt) the Imi^rrial court and the Government from several

]/ix>vinces luimd our cosists. In that classical work, names of timnics and seer-

fishes ai'e not mentioned, though timnies at least were caught before that time.

From the name of " sawara " for our common seerfish, we can guess that they

have long been known to us, as tbit name in om- old Language means nanvnv

abdomen, aud it is just as old as the name " saba " for the mackerel, meaning

naiTow or minute teeth. From the twelfth ceutiuy on, on account of many

ware, most industiües werc dLsturljed and retrogi'aded, until peace was restored

l)y tlie consolidation of a centinl government in the seventeenth century, under

the control of Hideyoshi Toyotomi. From an anecdote, however, we leam

tliat an ingenius pound-net was plaimed and oonstnicted in the period of

wai-s in a baj- near Seudai by a soldier, who got his idea fi'om tactics in war.

The device is a trap, with an elongated poimd, the longer diameter of wliich

is at right angles to the course of the leader. The poimd as well as the

leadei- have a certain ciuratiu'e, which prevents the escape of fish at the mouth

of the pound, and when the mouth is closed, at the l)eut corners of leaders,

which ai-e set in different directions. The apparatus first designed for the

captm-e of the tunn_A- hjis recently been emploj'ed in many other places for the

captm-e of seerfishes, yollow-taiLs, etc-, aud it has proved to be superior to other

types, having the longer diameter of the jxtuud in the same direction as the leader.

I is real!}- remarkable that a fishing implement invented in the northeastern
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p;U"fc (»f Oliv empii'e was introduced to other places. Generally the reverse is

ti'uo, i. e. implements or methods invented in the central or western parts have

travelled to the northeast.

Neai'ly all kinds of fishing apparatus ai"e used for tlie captiu'e of scombroid

fishes, except casting nets and di'edges. As many kinds of these fishes form

large schools, the appai'atus for theh- capture is generally lai-ge ; but its height

is mostly under 60 m.

As most scombroid fishes are swift swimmers, fishermen tij to retard their

progress by scattering tole baits. These fishes are enticed to the aiiificial

baits in motion. The mackerel is attracted to light at night, Acaixlhocyhiarii

to the shade of moored bundles of bamboo-stems or branches of Pavloionia

impericdis. Fishing -ivith ttift-nets is f)Opular, but not good in cleai" waters,

where other kiuds of nets are also not suitable. In such grounds hook and

line are the best means for catching.

Though the scombroid fishes are very widely distiibuted, theh- food is very

plentiful, and thsh' immatm'e specimens are not molested by men, yet they

become gradually scai'ce iu old fishing gi-oimds. Generally the scombroid fishes

do not stay many days in the same place. It seems wise to change the fisliing

ground fiMiii time to time, not adliering to the same loctility. Many imfortunate

accidents occm- iu this hazai'dous occupation, as the fishing giwmds are

rough, lying generally very fai' fi'om the coast. Morejver the fishing apparatus

is hü'ge, and the cost of the individual fish high, sj fishermen try to haul iu the

whole apparatus even iu case of sudden storms, and thus often fail to return

to safety iu good time. For the future development of the fishery of the

scombroid fishes, it is desii'able to build swift, sea-going boa'is, to discover good

means of attivictiug these fishes, and to provide a suitable erinipment for

preserving these fishes, as they axe much more perish' ible than othei- kinds.

Fishermen detect the presence of these fishes by theh* Icapmg out of the water,

by the movements of birds, tlie colom* of the water, or pecuHai' waves ov

movements of the water at the sm-face of the sea. They use the troll hne to

detect the presence of these fishes in deep sti'ata of watar.

Hook and Line.

In the mackerel fishery- there are five kinds of hook and line fishery' —rod
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and line, ciistiug line, ordiuftrj' band-liuo, ti\)ll lino, niiil I )Uf< liuc— of \v]ii<-li

the third and fifth iiix? widoly used. The ordiiuii-y haud-linc is uwiiiy

so long as the depth of the fishing ground. The gaw coasists of a spi'oader

or a lever, to uluCh a sinker and a bag for tole bait are attiiclicd. The long

line is also hu'gely used. It is a di-ift line, suspended fi'om banvls by menus

of buoy-lines, weighed s )Uietinies ^\ith light weights. Ilorjks of these line.=;

are dressed with small pieces of sardine, saiu"el, or niiuikerel itself. The

arlifieial Ijait is seldom used. Gaugings of the hand-line are of worm-gut.

The hand-line gear is t sseutially like that fijr the sam'el.

In the sterfish fishery- three kinds of hook and line are used ; —liaud-liue,

troll lii.e, and long hue. The ti'oll hue is mos!; j^wpular and eflScient. As

seerfishes are voraeioas, it is difficult to catch them witli baits of little motion.

And as they do not i-ome to tlie surface it is impossible to catch them with

rods. Gioüd fishing gi'ounds lie near sti'aits or rocky banks. The troll line

for the common seei-fish is like that for Seriola quinqueradiaia. Tbe length of

the gear is from about 40 to 200 m or more. Generally it is 60-100 m.

The line is taiTed and on it numerous small lead sinkers are distiibuted.

When the line is short the weight is heavy, but if it is long, the weight is

c(jmparatively light. The hook has a long shank and is angular iu form.

As seerfishes liiive ti'euchant teeth, about 20 cm of tlie snood is made of a

metallic wire.

In the timny fisheiy, rod and hue, h;iud-Iiue, ti'oll line, and long line are

used. The long line is the most important. As tunnies are big and swift in

l(x;omotion, the gear must be thick, stout, and long. When tunnie? bite the

hook, they swim away at once furiously and iiTesistibly, until thej' are tired,

s;) that th<! gear must be sufliciently long to allow it. Lines ai'e generalh-

made of hemp, and the lower end of the snoods at least is served with fine

tliread or wire. To the gears for the timny, sinkers are seldom addcni. The

minimum length of gear for the timny is 200 m. The tunny long Hue is

very tliick, .strong and 400-500 m long, coiled iu a basket. Each Ijoa':

shoots out lines of 10-15 baskets. The hue is als> a cbift lino, suspended

at the intennediate depth by means of buoy-lines of 10-25 m. As the grounc-

line itself is thick and heavy, there is no need of sinkers. There are two

kinds of giu]ging3, —short and long. The formar is ca 12 m, and the latter
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ca 37 m. A line from each basket Ls divided into three seclioDS by five buov-

lines, two of which are attached to l»th ends. Each section is again subdivided

into four by three gangings, the middle of which is the longer one. This long

line is generally worked at night. The long line fishery of tunnies seems to

have first been tried near the mouth of Tokyo Bay, alx)ut three centimes ago,

and it was inti-odueed in recent years to other parts of our country. Formerly

a peculiar kind of fishing line for tunnies was used in the central and western

parts. The Hne is about 200 m in length, and is woimd round a small liaiTel,

leaving about one quarter of the line to hang free. At the end of the free

portion a hook dressed with a live Imit is attached. A boat, with a crew

of about half a dozen men, Cames ten or more lines, which they leave in the

sea to ch'ift. Wheu a timny bites the hook, the baiTcl sinks at once, but as

the wound part of the Kne becomes loose, the ban-el arises nhirliug.

In the bonito fishery rod and line, ti'oll hue, and long line are used, but

the first is most extensively used. As lx>mtos swim near the surface and

do not descend to deeper strata of water, the fishiug Avith rod and line is

simple and convenient, no sinkei-s are used. It is remarkable that fisHng of

bonito with rod and line is done in our country and at Miuikoy, a small

island in the Indian Ocean, in nearly the same way. For tlie rod a bamboo-

stem of about seven metres is used. Around the thicker eud of the stem a

string is roughly wound to prevent the hand from slipping. The line is

nearly the same in length as the rod, and about 30 cm of the terminal

portion is dyed with indigo. The hook lacks the bai-b, and is di-essed with

living sai'dine or anchovy. Fishermen hold their rods in such a way as to

a low the living bait to swim at the sm-faee of the sea. With artificial bait

short rods of about tlii-ee and half metres and a line of 120 cm long and of

thick diameter are used. "While fishiug, living fish ai'e thiowu as tole bait

fra* and near.

Drift Net.^.

Drift nets for different scombroid fishes difler in the size of meshes, depth,

length, and the thickness of the twine. For small fishes drift nets are gill-

net?, but for tunnies there is no gill-net. Drift nets for scombroid fishes are

generally worked in warm seasons. Di-ift nets for tunnies and bonitos ai-e
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shot lit the sraface of the sea ; but tlioi5o for the mfujkerel Jiud sem-fishes a.re

siisix)ucle(l iu im)ro or loss lower stivvta of watei", by means of buoy-liues

of soiue length. These nets are worked at night. Sametuues gill-uetB are shot

with both ends beut towards the school of fish and they are driven towards

the net. '\Mien the tunny strikes the net, it yields to the movement of the

fish, and forming a pocket passes over the float hne and is hung back. Thus

when the height of the tunny drift net is too high, the capture is not

satisffictory. The tunny drift net is chiefly used on the Pacific co.ast of the

northeastern pirt of Hondo.

Seines.

Seines for scombroid fishes are also chiefly used in the warm season.

The size of the meshes is proportional to thivt of the fish to be caught ; but

it is very small in the seine for our common seeiiish, or its bunt is made of

coai-so cloth, woven with strong thi-ead. This is to prevent the penetration of

the jaws of the fish intj the netting, lest the seine should be damsiged by their

trenclmnt teeth. Seines for scombroid fishes are mostly 70-85 m deep, and

500-1000 or more long. Iu some of these seines the wings are made of straw

nettings. Seines for the common seerfish are used in the Inland Sea only, and are

liauled towards the land, while those for the other scombroid fislies are hauled

into boats. Tunnies captured with seines are Thv.nnns orieutcdis and Neolhumms

maci'opferns. The striped bonito is sometimes captured with seines. Before the

development of sjines for tunnies and bonitos schools of fishes were siuTounded with

a long wall of net, and then the fish were scoo^jed out with a kind of large dip-net.

Pound-nets.

S^xscial pound-nets are built for the capture of Thwinus orienhills and

Neothunnus macropttrus in warm seasons, when these fishes migi'ate northward.

In some places pound-nets for the capture of tunnies iu their southern migra-

tion are erected ; but these are very few in numljei", and are not so important

!is the other. The p)und-nets far TJiunnvs orientalis in their uoiiheni migi'a-

tion are ver}- important, and very almudant. Other scombroid fishes nve alsD

oaiTght in large numbers in pDimd-nets ; but their time of apixsariUico is rather

s hort, or occasional, and the expenses of pound-not fishery can not lie sustained

by these fishes only.
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There are different types of pumcl-nctä for the capture of tuunies developed

at different parts of our empire. But as I have stated loefore, a type called

" daiboami ", developed near Sendai is at present the most advanced one. It

resembles in form the madi'ague of the Mediterranean, but in our pound-net

the bottom is entirely closed with netting, and there are no dividing walls. The

movement of the fish is observed by the boat crew bj' signals from a watch-tower,

on a wooden frame-work, erected from the sea-battom, or on a pi'ecipice near by.

At the sti'ait of Tsugaru the watchman observes the fish by ti-ansmitted light

fi'om the sea, seated under a cover of matting, which partly hangs over

the sea, fi'om the side of liis boat. In the Ccxse of the daiboami, the watchman

takes his post just opposite the entrance of the poimd. In other more simple

cases the watchman is seated in the lx)at at tlie mouth. AMien a school of

fish enters the pound, its enti'iince is closed by lifting up the sunken

netting, connected with the Iwttom of the net, and the bottom is hauled over

from one end to the other, the bunt. The depth of water at the euti'ance of

the poimd should te more than 15 m. Effective pound-nets for the tunny ai'e

alxint 30 m deep at their entrance. The size of the pound-net generally in

use is 430 m in circumference, and ca 150 m in the longer diameter. The

mackerel and the common seerfish arc caught in pound nets for Svridn

qidnqueradiata or miscellaneous fishes.

Classification.

So ill- as I have studied, the natural afiinities oi fishes caai not be iiscer-

tained fi'om the examination of external characters only. Some authoi-s classify-

the genus Auxis near Scomber, as the two doreals are separated, but in realit)'

these two genera are at Iwth exti-emities of tlie phylum of tlie scombroid fishes.

Order TELEOSTEI.

Suborder Acanthopterygü.

Family SCOMBllIDAE (s. sti-.) Günther.

Soombridae (iu part), (Jiinther, 1860.

Seombrinne, Jordan & Evermann, 1896; Stnrks, 1910.

Scombridau (in part), Boulengcr, lUOl; Eegan, 1909.

Scombridae, Kishinonyc, 1915.

Body fusiform, and more or less compressed. Head poiute<l at the anterior
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cud, its upix^r snrtice flatteued aud naked, but the ojxarclcs are scaly. CautLil

jx-dniK-le roiUKk'd in cmss-section, liaviug uo latsral keel. A ijaii* of small keels

are found on eaiili side of the tail. Lateral line geuth' curved, wanting lujirk-

ihI Umdings or luuluLitious. Adijxjse eyelids present. Scales cj-cloid, often

ßneh' creuulated or more or less ctenoid at the jxjsterior niai'gin. Corselet in-

distinct. Tlie scales at the jxvitoral region have the same stnicture as those in

the leinainiug regions, but the former are only a little Lirger than the ktter.

Tlie former are not covered with a connective tissue mem1>rano. Postorbital

scales rather large, unequal in size. In the veuti-al half of the body, iwvs of

scales riui nearly parallel to the venti-al median hue of the caudal region.

Mouth large with minute teeth. Tongue very small aud smooth. The

maxillary is almost entirely covered by the preorbital, f.ud the supplementary

Iwne at the ixstarior end is very small, slender and iusignificiiat. Prem^ixillaries

are very slender and weak. Gill-rakers very nuicerous, long, slender and much

compressed, with two rows of fine diverging i^aii-s of long denticles on the inner

side. Gill-liimellae very short at the angle of gill-arches. Branchiostegiü mem-

branes \ei'y bixxvd aud overlapping each other at the Symphysis.

O^xircle short, aud notched at the posterior mai'gin. Subo^iercle vevy muTow.

Preo^jercle comimratively large, rounded aud expanded at the lower posterior

corner. Claviciikir ligament is inseiied at the posterior end of the exoccipibiL

Fins not well develo^jed. Interspinous lx)nes are weak and slender. Fin-mys

ai-e ti'aLsvei-sely articulated. Tlie second dorsal is lower tLiu the fii'st and the

two doisals are distinctly sepirated fi-om each other. The first spine of the fii-st

dorsal is shorter than some succeeding spines. The second dorsal aud the anal

are covered with small elongated scales.

The abdominal cavity is ellipsoid in cross-section, wüth the longer diameter

vertical. Peritoneum generally black. Pylorus ascending. Pyloric coeca nu-

merous, arranged in mjiny longitudinal rows. They are rather large, opening

directly to the duodenum, and are looselj- conrected ^itli connective tissue

fibres. Alimentary canal long and folded. Tlie liver is a small tiiaugular

mas?, occuimug the left anterior comer of the abdomnial canty. Kidneys tliiu,

elongated and divided into tno before the i^haryngeal muscle, wliich is inserted

into the third or fourth vertebra, or into both.

Skeleton tliin, but firm. Skull elongated aud the greater pai't of the fron-
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tals lies clii-ectly nuder the skiu. Occipital ci-est low aud small. Spbenotic

and opistliotic not visible at tlie doi"sal surface of the skull. The exclusion of

the opisthotic from the dorsal sm-fcice of the skull Ls qnite the same as in the

Cai'angidae. Accessory lateral ridges arc found on the dorsal surface of the skull.

Occipital condyle is remarkably hollow. Paroccipital condyles ai-e oblique, turn-

ed externally, and are separated from each other by the foramen magnux-.

Articulating facets of the skull with the atlas are on both sides of the foramen

magnum and do not form a part of the margin of the foramen. Vertebrae

generally 31 in number, they differ but little from each other in form, size,

different processes, etc. No transverse process. Lateral ridges in the anterior

veiiebrae pass gradually to the ventral ridges in the vertebrae of the posterior

region.

I u-st vertebra, the atlas, is remarkable in having a pair of large, articulating

processes projecting, instead of declining obUquely backward, and also in having

the neural process attached to the centrum (fig. 30). In precaudal vertebrae the

neural canal is entirely covered with an arching septum to protect the spinal

cord, and is separated from the ligament of the vertebral column, occupjiug the

dorsal part of the neural canal. The nem-al process of the precaudal vertebrae

is more flexible and more feeble tlian that of the caudal vertebrae. In the caudal

vertebrae prezygapophyses and the anterior ventral processes are especially well

developed. The last vertebi-a and the hypural bones are not consoUdated to-

gether. No auxiliary intermuscular Ixmes ai"e foimd in the cephalic region. Ribs

are not much compressed aud hang down the abdominal wall. Pelvic girdle

very small. Antero-inferior corner of the dorsal flattened part of the hyomandi-

bular is free and rounded (fig. B). Tlie fi-ee trenchant edge of the palatine is

armed with a row of teeth in the genus Scomber. In the lower piece of the

post-clavicle we distinguish the broad proximal part with a short slender anterior

process, and a long slender distal part. Ethmoid is nan-ow and produced anteri-

orly beyond the paired lateral processes. The biisibranchial chain is ruuixjw,

laterally compressed, elongated, aud nearly straight.

This fiimily is more or less related to the Qwangidae, in the presence of

the adipose eye-lids, free spines before the anal fin, transversely articulated fin-

rays, and opercle with a doreal notch, naiTow subopercle, etc. But the family

is distinguished fi'om tlic Carangidae in wanting cliaracters of the Percifonn
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fishes— narrow pi-eiuaxUlary which is not prota'actUe and wants a doi'sal process,

nnd a small supplementary bone attached to the posterior end of the premaxiEiry.

This family has remote relations to the Cybiidae. The genus Grammalorcymts

of the Cybiidae has tlie same numljer of vertebrae as the mackerels, and pyloric

coeca are also more or less alike.

St.\rks (69) rightly remarks that " if we could eHminate the genus Scom-

ber, the family (Scombri dae in wide sense) wfiuld be much more compact, as

it sbmds fai-tlier fi'om the otiier genera tlian thoy do from each other."

Mackerels are rather small, grow to a length of about 40 cm. and a weight

of about one kg. They swim generally in the middle or lower layers of the

coastiil water, and enter into lays and inlete, in shoals. Widely distributed in

terapei-ate and subti-oiMcal regions.

Key to the generft o£ the Scombriclae.

Body elongated and fusiform, vomer and palatines toothed Scomber.

Body deep and compressed, vomer and palatines toothless, gill-rakers very

long, visible from the gape of the mouth, interspinoua bones of the second

dorsal and the anal are flattened Rastrdliger.

Genus Scomber.
Scomber, Linnaeus (s. str.) 1758; Ciivier, I8l7.

Teeth minute, in botli jaws in one row, on the vomer in paired obhque

patches and on palatines in one row.

Only two good species are known, and only one species is found in the

Pacific Ocean.

Scomber japonicus Houttouyn.

Saba.

Figs. 1, 7, 16, 28-30.

Scomber japomcxLs Honttoiiyn, Memoires de Harlem, XX , 331, 1782 ; Lacei)ede, Hist-

Xat. Poiss. m, 45, 1802 ; Cuv. &, Val. Hist. Nat. Poiss. VIH, 54, 1831 ; Kishinouye,

Sni. Gak. Ho, I, 4, PI. I, Fig. 1. 1915.

Scomher pneumatopfuirus Schlegel, Fanna .Iaix)n., Poiss. 94, Tab. 47, Figs. 1, 2, 185U.

SconJjer saha Bleeker, Yerli. Bat. Gen. XX\"I, 95, 1S57.

Sco'iiber janesahn Bleeker, Verb. Bat. Gen. XXVI, 96. 1857.

.» Scornber iapeinocephalus Bleeker, Verb. Bat. Gen. XXVI, 97, Tab. 7, Fig. 2, 1857.

Scoinier colias Kishinouye, Joum. Fish. Bureau, II, 1, Pis. I, II, 1893.

D. 9-12, 12, 5. A. 1, 12-13, 5. Yert. 14 + 17. GiU-rakers 13+23.

Body fusiform and compressed, its height nearly equal to the length of the

head. Teeth minute, about 60 in each jaw. The scales in the dorsal half of
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tbo IkkIv jire nrrauged in nearly horizontal rows, while those in the venti-al

lifilf :ire arranged in obliqu3 rows, more or less parallel to the reuti-al median

Hue (/f the caudal region, i. e. ventral outline.

Air-bladder large and fusiform, pointed at lioth ends. Pyloric coeca near

the pylonis are longer and more numerous than those removed fi'om it. The

pyloric portion as well as the duodenum are ascending, the latter runs &-oru left

ta right, occupying the moSj anterior border of the abdominal cavity. At the

right comer of the cavity the duodenum passes to the small intestine, which

runs backward, then bent forward, a little before the auus, and it is lieut again

btickwtu'd. A little liehind the second bend tin small intestine ends and is fol-

lowed by tlie rectmn.

A1x)ut three small veins fi'om the pyloric coeca form the portal veins ; two

veins ruuniug upon the doreal surface of the stomach do not form the hepatic

portal veins, but poiar directly to the ductus Cnvieri.

A fi'ee spine before the anal is about one fourth the length of the fii-st anal

spine. Each dorsal or anal finlet is sometimes connected with the Ijody by

a membrane behind it.

Dark brandling zigzag bands, about thiiiy in number, are found in the back.

The uumter of these bands is nearly the same as that of the vei"tebrae and their

coiu^se generaUy corresponds or coincides vnth the contour line between myo-

tomes. Back bluish green, the colour Ijecoming lighter towai'ds the tail. Belly

silvery white with irridescent hghts. Fins greyish more or less washed with

yellow. The space between the posterior nostril and the eye is nearly coloiu--

less and transparent. The dorsal fins and dorsal finlets, ]^)ectorals, and the caudal

are greyish, and sometimes washed with yellow-. The ventrals, anal, and anal

finlets are colourless.

Among our common mackerel we find two diffei-ent t^-jDes which fishermen

distinguish luider the names of " hh-asaba " and " marusaba ", meaning res-

IJectively flat and round. In the internal sti'ucture we can hardly distinguish

them ; but in some external ehai'acters and liabitat they differ more or less. A

comparison of fig. 28 with fig. 29 will give the reader a very good idea of these

diflerences. However, as there are many intermediate forms between these two tyjoes

of forms, I can not take them as different species. In the tj-pical lurasaba we

coimt 9 spines in the first dorsal, while there are 11-12 in the typical maru-
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siiba. MoTOover in the former variety tbo dark coloured bauds iu the back ruu

down beyond the lateral meditin lint". Tii that variety the caudal fin Ls yellowish.

The fish lives near tlie coast, but iu deejier layers of water. Its flesh is more

oily and pilatable. Iu the other variety which is also called " gomasaba " tlio

dark coloured bands in the back are found, only alx)ve the lateral median lino.

On that lino there is a row of round s])ois, and below the line there are

numerous greyish spots. It is chiefly found in off-shore gi-ounds and in shallower

strata of water, makiug larger shoals than the former variet}'.

This species inhabits rather littoral waters, and its range of distribution

in our country is very wide, from Karafuto to Taiwan. On our coast this

species is rarely found in layers of water deeper than a1x)ut a hundred metres.

Weobserve more or less the bathybial as well as Lititudinal migration of the

mackerel. In spring the mackerel enters the Inland Sea, and in summer it is

caught off Notasan, west coast of Karafuto. In whiter it is caught near Ta-

n^jushima, Kagoshima-kou. In Houdo it is caught all the year roimd, but

large catches are eiq^ectod in summer and autumu. It is also caught abim-

dantly on the east coast of Chosen, especially near the Channel of Chosen. At

the Channel of Chosen, i. e. at the southern entrance of the Japan Sea, ma-

ckerels make thick shoaLs in spring and autumn. Two hundred and sixty thou-

sand mackerel with a part of saurel were caught iu a haul with a purse seine.

Sometimes two milhons of mackerel are Lmded in the jwrt of Hügj-oshin near

Fusan in one day. IMackerel are caught in twilight when they come to shal-

lower layers of water. In cloudy weather they often rise to the siurface.

Adult mackerel appi'oach the twenty metro liue shoreward, and are dis-

tributed a little beyond the two hundred metre line. They are never found

in the Kuroshiwo, being found in waters of 10-20° C. On a cold day and during

the cold season mackerel are found near the bottom of the sea. The optimum

density for the mackerel is 1.025.

Mackerel spawn in May. Fry and the immatiu-e fish are found among those

of the sardine, anchovy, and the saurel. Thej- grow very rapidly, feeding on

fries of other fishes. When they are about 36 cm iu length and i kg in weight,

they are riyie for the first time. The age of these fishes is not exactly known.

They may be two or three years old. Fish of about 60 cm long and li kg

in weight are very large and rare.
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In olden times fishermen attracted fish with torch-light, but at present

electric lamps, acetylene light, etc. are nsed^' The light attracts many plauctonie

animals near the surface of the sea, and th6y in turn attract the mackerel, and

other animals such as saiirel, calamaries, etp., gradually towards the surface of

the sea. Tluis the time used in catching the mackerel is greatly economised.

Besides light, tole bait is much used to attract the fish. Salted mantis-shrimp

is chiefly used for the purpose. Long lines smd drift nets are extensively used in

the Japan Sea. Encircling seines, such as the purse seine and " shibari-ami

"

are chiefly used in the southern part of Chosen.

The mackerel fishery is cai'ried on on a rather small scale, with hand lines,

long lines, or drift nets. The hand-line is most estensively used. The gear

consists of a line of about 100 m, two brass outriggers or spreaders, each ca

30 cm long, spreading from both sides of a conical lead, three to four hundaed

gr in weight. A worm-gut snood 2 m long is generally fastened to each out-

rigger, with a small hook at the distal end. A small bag is usually fastened

to the lead to hold tole bait. Immature mackerel or yearlings ai'e caught in

large quantities with haul-seines in shallow waters.

Genus Rastrelliger Jordan <t Starks.

Rastrelliger, Jordan & Dickersun. 1908.

Body deeply compressed. Mouth kirge, maxillarj' nearly reaching the

posterior edge of the eye. Dentition fteble, the vomer and palatines toothless.

Gilirakers exceedingly long and numerous. Intestine very long, bent several

times. Found in ti'opical and subtropical regions of the Indo-Pacific.

Rastrelliger chrysozonus (Rüp^jel).

Gurukim (Ryukyu Is.), murehji (Naha, Ryukyu).

Fig 63.

SromUr chryimomts Hippel, N. W. Fische, 37, Taf. XI, Fig. 1, 1838,

Scomber microlepidohis. Day, Fish. Iu<liii, 250, PI. LIV, Figs. 3—6, 1875—78 ; Kitahara,

.lourn. Fish. B<ireau, VI, 5, PI. HI. Fig. 5, 1897.

Scomber kawirjart'i, .Jordan and Richards.n, Mem. Carnegie Mus., 1939.

MastreUiger chrysozonus, Kishinouye, Sui, Goku. Ho, I, 8, 1915.

D. 10, 12, 5. A. 12, 5. Vert. 13 + 18.

In freshly preserved specimens in formalin the back is Viliiish with gi-oenish

lustre in the anterior paii, a row of greyish dot? on ea«.-h side of the base of
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tbe dorsfJs, two greeuisli p-ey louf^itufliiml VmumIs above tln) laUn-al liiio, and

two golden longitudiniil bnnds fr )m the base of the pectonil. Clieeks mid belly

silvery. Two dorsals iiud dorsal fiulets f^reyisli, and the aiial aaid anal finlets

colourless or tinned with yellow. I'eritoiiium bLick. TnttMS]iiuou3 bones of the

second dorsal and anal m^o flattoncxl, an^l laterally coiiipnssed.

Fig. W. Skuleton of I iafitrelUiier chryxowniis. 3/5.

Membrane connecting the branchiostogals is very wide. The last branchio-

stegal is bent hke the letter L. Pyloric cooca are more or Ics^ imited ta numer-

ous groups at their root, and each group to the duodenum with a common ori-

fice. In the caudal vertebrae thin paired ridges are found on the ventral side.

It is said that shoals of tliis fish are observed on a calm dixy seething near

the surface of sliallow water, busily feeding on minute pLiuktouic organisms.

The fish are veiy alert and not easy to catch. In the Ryukyu Ishiuds small

indi\'iduals are caught in summer, and lai'ge ones in winter.

Day found that the ova ri^ien in !March. It grows to a length of ca 35 cm.

Widely chstribute<l in ü'opical acd subti'opical regions of the IndoPacific.

Specimens from southern China, Formosa and Truck Is. were examined.

Family CYBIID.\E Kishinouye.

Cybiidae, Kishinouye, Siii. Gak Ho, I, 6, 1715.

Body genenüly elongated and compress3d, but plump in the genera Sarda

and Gi/mnosarda. Caudiü peduncle pretty thick and nearly rounded in cross-

section, and provided with a hirge keel on each side. The keel is covered with
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elongated scales, except iu Sarda. Head elongated witli a long snout. Mouth

large, and wide, tlio maxillary extending teyond the hinder margin of the eye.

Eyes generally small. Posterior margin of the upper jaw, or tliat of the jugal

in the strict sense, is more or less rounded, as the supplementary lx)ue is well

developed. Teeth iu jaws are in one row only. They are large, curved inward,

and compressed with trenchant edges. Tongue large, roimded, convex, but the

glossohyal is comparatively small and nai'row.

Corselet small, more or less distinct, but its scales are not much specialised.

Scales small, generally cycloid, and often concealed under the skin. Sometimes

scales disappear entirely outside of the corselet, lateral line, and caudal i»duncle.

Lateral line sinuous, particularly in the posterior portion of the body, and

the line is often furnished with many minute branches (figs 31, 32, 35, 61).

Fins generally small, especially ventrals, but the caudal fin is compara-

tively lai'ge. Fin-rays are not transversely articulated in the adult fi.sh. Pecto-

rals are comparatively small. First dorsal low and long, gradually descend-

ing posteriorly, aoid its spines are rather weak. First doi-sal has generally a

straight or more or less convex outline, except in Acanfhocylium. The first

spine of the first doi-sal is shorter and weaker than some following spines.

There is scarcely an interspace between the fii-st and second dorsal, and the

latter is generally a little higher tlian the first dorsal, except iu Grammcdarcyrms

and Acanihoci/Livm.

Peritoneum more or less dusky. Stomach, long and narrow, with 12-30

longitudinal folds inside. Pyloras opens very near the cardiac jwrtion ; it is

long, naiTow, descending, and communicates with a uiiirow opening at the ven-

tral side near the distal end. Duodenum curved or twisted, enlarged with two or

more branching pyloric tubes high at the posterior side, disposed more or less in a

whorl roimd the intestine. Pyloric coeca at the end of the terminal branch vi

these tubes branch dendi'itically. Intestine is often very long and bent several

times.

Skeleton is generally s^XJUgy, hght, and more or less fragile. It is

more or less solid in Acwdhocyhivm and quite firm in Gymnosarda. Skull

elongated, with low and weak occipital ciests. Vomer is genenUly flat, more

or less produced, and covered with villifoiiu teetli, except in Sarda and

.Oymnosarda. Anterior lateral corner of the ethmoid is more or less produced.
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loriimen between the bnsioceipital and p irasplienoid is small and opens nearly

ill a horizontal plane. Piiroccipital condyles touch each othei' at the median

line, and the (X'oipital condyle is only slightly concave. Number of veiiebrae

is 31-C4, generally more than forty, and varies greatly even among closely

allied species. Ixelative number of the caudal and precaudil vertebrae is also

variable. DilTerentiation of vertebrae is a httle more advanced tiian in the

Seombridae. Sometimes I found abnormal cast« iu wliicli two or more

vertebrae fused together. Longitudinal gro jves in vertebrae are deep, and

thus the cross-section of most vertebrae show a six-radiatiug figm-e (figs.

8-12j. In some posterior precaudal vertebrae a short haemal process is found.

Neural pi'ocess is broad in some antarior prtxjaudal vei'tebnie, and the process

of the first vertebra is free from the centrum. The last caudal vertebra is

consohdated with the hypural banes, jind forms a fan-shaped bone with a

notch at the median posterior comer. Hypuml spine very prominent, but

rather small in Sarda and Oymnosardu. One or two auxiliary intermuscuLir

bones are found iu the occipital region, where the clavicular ligament is

inserted. Intermuscular bones are weakly developed at the anterior portion of

the l)ody only, connected by a few and poor tendons.

Gill-rakers are very pjorly developed in the Cybiidae. They are short,

not much comprassad, generally a little more than ten in number, and entirely

absent iu ArantlidCijUimi. A few gill-rakers are found near the angle of the

second branchial arch in some forms. Two or more rows of short denticles are

found on the inner side of gill-rakere. Ribs are found on the dorsal wall of

the body-cavity, as myotomes are bent with acute angles. Pelvic girdle narrow

and elongated. Generally the lower piece of the poslclaviclc is nearly straight.

The vascular system of the Cybiidae has many characteristics : —develop-

ment of the renal portal system from dorsal segmental veins in the precaud-

al region, origüiation of the genital artery from the dorsal aorta, remarkable

separation of the doi-sal aort.i from the cardinal vein with the inter\ontiüu

oi rete mirabilis of the renal portal system between them. Ureters of both sides

ai'e entirely separated. Kidneys elougiited. Muscles nearly colourless, but the

median superficial Literal poiiion is i-eddish. Tliis reddish portion becomes

rather thick joosteriorly (fig. 17).

The posterior side of the preopercle is generally a Httle concave in Cijbium
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auil GrmiinvitoiTi/mts. The second basibniucLial is beut downward at the

middle.

Neural and haemal spines of the candal vertebrae are not stiaight, bnt

more or less curved. Tlie haemal arch iu the precaudal vertebrae is shoii,

and turned anteriorly, the haemal spine is little developed in the precaudjxl

region.

Seerfishes are generally- active when the sea is rough, and the cuiTent

sti'ong, also in the morning and in cloudy weather. They often leap out of

the water, and when they are impounded in a net, they try to get out of it

through the meshes at the bottom, especially at night. Generally they swim

near the shore, but some of them are chiefly jxihigic. Many of them assemble

and form l)ig shoals, and approach the shore iu the breeding season. They

are predaceous fish, ihey feed on small fish such as sardines, anchovies,

saurels, mackerel, and sometimes shrimps and calamaries. Found iu the

temperate and tropical seas. Many of them are excellent food-fish. Small im-

matui-e specitBeus of the Cybiidae are more or less flat and broad, larger specimens

are thick and elongated, quite contrary to the case of the Katsuwouidae.

This family is related on one hand to the Xiphiidae in the reticulate gills,

absence of gill-rakers, small narrow scales, etc. through the genus Acanthocyhmm,

to the Scombridae through the genus Grammatorcynus, and to the Plccostci

in the form of the body, osteological structures etc. through the genera Sarda

and Gymnosarda. This family comprises the Scombrinae, Acanthocybinae, and

Sardinae of Starks.

Key to the .Tajjanese g.neia of the Cyliiidae.

Body elongated, teeth in jaws trenchant, yomeriue teeth present.

Gill-rakers none, gill-!amellae reticulated, inlerinuscular banes inserted on

ribs Acakthoc'jhium.

Gill-rakers present, gill-lamellae not reticulated, intermuscular boues in-

serted on respective vertebrae.

Two lateral lines ou each side of the body Grammatorcifnua.

Only one lateral line on each side of the body Cyhium.

Bjdy plump, teeth in jaws with rounded edges, vomerine leeth absent.

liody i:r>vered entirely with small scales, tongiie toothless Sarda.

Body naked outside of the corselet, tongue covered with villoui teeth, pala-

tines are also toothed (Jymnosarda.

(lenus Acanthocybium Gill.

Aoanthccybium, (Hll. ]S(.'2; Liitkcii, 18);); Jordan & Evermnnn, 189G.
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Tliis {^I'lius couiprisi>3 a rather aberrant forin, luoro or less related tij the

Xiphiidjui. Bod^' elongated, niort; or less compressed, aud covered with sjimll

narrow scales. Pivniaxillaiy pnxiuced anteriorly. Preorbital forms the jwsteri-

or half of the np]K>r jaw. Tinth triangular, cjmpressetl, aud clo.^ly set.

Branchial lamellae aiv rc-ticnlated at the proximal part. Gill-rakers absent.

iDtermiiscnlnr Iwnes aw hiserted on ril«. The first rib is found on the second

vertebra, not ou the third as in the other. Moreover the rib is shorter than

the iutenuuscular Ixiue iuseited on it. No auxiliary' intermuseuhir bone, and

the fii-st hitormnsfular Ixjne is inserted on the first vertebra. Pelvic girdle

broad.

Pelagic iuid pi-edjiceous fish of aiiout two metres. Tropical and subtropical

seas of the Pjxcific and Atlantic.

Acanthocybium solandri (Cuv. & Vid.)

Kamasnsawara, ökamasu, okisawara, sawara (Kochi-ken, Kyushvu,

Ogiisawara Is.), tessahku (Taiwan), fajjinsawara.

Figs. 10, 31, 39.

erbium solandri, Cuv. .t Val.. Hist. Nat. Poiss. VIII. 192, 1831.

? Cybittm sara. Bennett, Beechy's Voyage, Fish. 63, PI 2% Fig. 2, 1839.

Acuntlinn/biwii solamlrl, Jenkins, Bull. U. S. Fish. Com., X\I[, 441, 1904; Kishinouye,

Dobutsu. Z.18. XX, 2, PI. 2, Fig. 2. 19US.

? AcimtliOcybimn forbesi, Seivie, PhlUp. .lourn. Sei. Biol. VII, 283, 19)2.

AcantliDcybitim iara, Kisbinouye, Sui. Gak. Ho, I, 9, PI. I, Fig. 2, 1915. '

B. 7. D. 26, 11, 9. A. 11, 9. Vert. 23-33 + 31. Gill-rakers O.

Body elongated and compressed, covered with tliiu small lanceolate scales.

Corselet indistinct. First doisal well developed, descending near the jwsterior

end, but its greater part has nearly the same breadth. Second dorsal and

the anal very small. Caudiil fin lunate and powerful. Lateral line is suddenly

and stronglj- curved, under the middle of the firet dorsal. Many vei-tical

branches ai'e given ofi" from Ijoth sides of the lateral line. Those branches

found in the posteiior half of the body are longer and more numerous. In

each jaw about 50-55 ti-iiuigular ttxith, which gradually increase in size poster-

iorly. Vomer and palatines with villous teeth. First rib ou the second

vertebra (Starks (69) found the first rib on the third).

Stomach conical and very long, rejujhing a Uttle behhid the anterior end
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of the rectum, rvlürns short, curved, and descending, duodenum more or less

widened, with three or four pyloric tutes, the shortest of them is at the

anterior side, and tlie longest is furthest removed from the i^ylorus. Intestine

is naJTOW and straight. Air-bladder long, more or less spindle-shaped,

running the whole length of the abdominal cavity. Urinary bladder is

very long and is fouud attached to the ventral wall of the air-bla,dder,

and above the rectum in the abdominal cavity. Two ureters unite to a

median canal near the end of the blended kidneys, and open to the posterior

end of the bladder.

This species is found chiefly in the clear warm water of the tropical and

subtropical seas, and is found at the mouth of Tokyo Bay in the east, from

Shimane-ken, Kyoto-fu, and at the north of the southern coast of Chosen. A

few examples are nearly always found in the markets of southern Kyushyu in

summer and autumn. In the Ogasawara Islands this fish is cut iutD pieces

and dried after boiling, or is preserved in hermetic cans.

Pelagic fish, do not make a school. They feed on pelagic fish and

calamaries. Voracious and easily attracted with natural or artificial baits.

Caught with trolling lines, which are dressed with live or salted saurel, or with

spears after alluring with artificial fish, made of wood cr canvas to imitate

flying fish or its own species. In Kochi-ken and Kagoshima-ken the fish is

atti-acted to the shade of a large bimdle of liamboo stems or branches of some

light wood, moored in oS'-shore grounds, specially construct«;d for the pm-pose.

The colour of the fisli is steel-blue in the back, with about thirty dark

ti'ansverse bands, which are distinct in young fishes, ;uid in the adult fish

when excited. Doi-sals, pectorals, and caudal .we IJaekish, while the ventraJs

are dusky.

A fish about one and half metres in length, and about seventeen kg in

weight, caught off Hachijoshima in June contained nearly ripe ovaries. Another

fish of similar size, caught ofi' the Ogasawara Islands in August, 1919 coutiuued

much more slender ovaries than the preceding. An immature fish, 28 cm in the

total lenghth was caught by a bonito-angler off D^üozaki, Miyckcn ou Aug. 19,

1917.

When speared the fish daa'ts against the bottom, and then flo.its to the

surface dead.
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A liirgo s])tH;ies «if disloiuinu, abnit 8 era in lengtb, is almost always found

in the stnimich.

Gemis Grammatorcynus Clill.

GnimiBaloroynns, Gill, 18 12 ; Klunzinger, 18S1.

Nesogrnmmus, Evermnnn & Scale, 1807.

Body elougiitol, compressed, nud »ivered with small scales. Corselet

indistinct. Mouth rather small, maxillary not reaching the middle of the eye.

A deep gr<iove in the skiu from the comer of the mouth, as in many other

forms of the nuickerel-like fishes. Tongue liroad. Teeth elongated, trenchant.

Villous teeth on the vomer and paLitim;?. Two dorsals continuous. Second

doi-sal and anal are divided into fiulets in the hind pai-t, and are lower than

the first dorsal. Gill-rakei's short and strong. Opercle ^vith a shallow notch-

at the posterior margiu. The lateral keel of the caudal paduncle is low and

sicall, covered with a row of pored scales. Two lateral lines on each side of

the body.

Fish of this genus are also an abeirant fonn of the Oybiidae. The in-

significant keel on the caudal peduncle, the rather small numljer of vertebrae,

intlistinct cjrselet, slightly notched opercle, backward origin of the first doi-sal

etc. connect this genus more or less with the Scombridae ; but trenchant teeth,

continuous dorsals, large broad tongue, renal portal veins, short strong gill-

rakere, descending pylorus, dendritic tuljes to which pyloric coeca open, bent second

basibranchial, etc. indicate that this genus is much closer to the other genera

of the Cybiidae.

Only one species is known from the ti'opical seas and adjacent waters of

the Indo-Piicific region.

Grammatorcynus bilineatus (RüpiJel).

Kusarah.

Figs 8, 62.

Thynnus hUneatits, Klippel. N. W. Fische. 33, Tiif. 12, Fig. 2. 1840 ; Günther, Cat. H,

3GB, 186>.

Gnimnvitorci/nns hiUneatas. Gill. Froc. Ao. Philad. 125 1862. Klunzinger, Fisob. Roth Meer,

113, I88i; Kishinouye, Sui. Gak. Ho, I. 86. 1915

yesorfr.iminus ;(fcr>oni, Evermanu A Seal«, Bull. Bur. Fish. XXVI, 61, 1937.

D. 12, 9, 7. A. 10, 7. Gill-rakers 5 + 16. Vert. 13 + 18.
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Body eloDgated, fusi-

form, covered with sm.iU

thin scales. TLe cheeks

are covered with many

small scales. Top of the

head flat, and the greater

part of the frontals is direct-

ly covered by the skin.

Eyes Ifu-ge. Yoaer flat-

tened, villous teeth in a

median group. Occijjital

crest low. Opisthotic

fonts a small portion at

the posterior dorsal portion

of the sknll. No auxihaiy

intermuscular bone. The

first dorsal intei-spinous

bone seems to lielong to the

myotome of the second

vertebra, as in the case

of the Scombridae. The

secoud dorsal and anal are

covered entirely with elon-

gated uaiTow scales. The

vtntial or the external side

of iTcctorals is also covered

with similai- scales. Teelh

in jaws are small with

ti-eucliant edges, ulxnit 27

in tlio upper, and alx)ut

20 Ju the loW(T. The

condylar facet of tk'

lÄsiocci])itnl is shghtly

liollow and ubhquo. Arti-

^
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cuLitiiig fiicots of till' oxoccipitiils uro neiirly hoi'izoiitjil processes uot iniihtl

at tho uiiddlo, thoy iirnjivt l)iwkw!ircl uver the ttmdyLir fiicet. The neural

pn>otss of S'.ime iiutorior verttibrac is uoticeiil)ly broiid.

Stoiuiicb coochI, rntlitr sliort, with nUmt niuo longitudiiuil fokls iusido.

Pyloric portion desceLdiiig, sliort, iiud thick •walltKl, with aliont five longitudiuid

folds iuside. Duodmuni (il>liqiKl\- d»>scendiug. Pylt>ric cmca sliort, numerous

and brauchiug. These are more or less gi'ou^jed into several clustei-s, chieflj'

»UTiiugod on s^xH-iiil tuliular outgrowths. Posterior iuto the duodenum the

iut<>stiiio is lu'iu-ly sti'aight. The liver is tlueivlobcd, the middle lobe shortest,

whik- tlu> right loU; is longest, l^i'etors are uniteid at the posterior eud of the

blended kidneys. Urinary bladder small, with a short dorsal median septum,

near the anterior end. Air-bLadder well developed.

Tlie vulgar native ol this fish is kusai'ah in Kyukyu, meaning ^x-rishable,

as tlu> iisli decomposes very quickly. The fish is said to be inferior in taste.

Specimens examined were &v>m the MarehiiU aud Kyukyu Islands. Most of

thorn are about tliiiiy cm. iu the tohil leugtli.

Genus Cybium Cuvier.

Cybium. Cuvier, 182D, Günther, 196 '.

Si-omberomorus, Lacepede, 1802 ; Dressier & Fesler, 1889 ; .Jorclnu .t Evermnuu, 1896.

Body elongatefl and more tir loss compressed, covered with thin small

scales, or sometimes naked outside of tho corselet. Top of the head more or less

convex. Posterior nostrils ellii)tical. Mouth large, up^xr jaw extending lieyond

the hind margin of the eye. Posterior end of the up^xjr jaw rounded, and its

lower margin nearly straight, Ijeiug formed by the premaxillary only. Teeth

large, compressed, and curveil inward with trenchant edges. Gill-rakers fe.v

and short. Dentigerou? ossicles on the branchial arch are in two rows. Skull

elongated, with its dorsal surface somewhat flatteued, aud entirely covered

witli muscles. Occipital crest low, luit continuous to tho median ridge of the

frontfls. Vüiu£;r projexits iVi an oval flat process, and is covei-etl witii villous

teeth. Pylorus long and slender. Pjdoric coeca dendritic, mor(> or loss coaree,

and üjjen to branches arranged on both sides of pyloric tubules.

Fishes l)elongiug to tliis genus are geneiv.lly Lirge, and move iu shoals,

iuliabitiug temperate aud tropical regions, whore industries of some im^xn-tp^nce
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are establisbed iipan tliem. Tliey are generally good in taste, the flesh being

fatty and delicate in structure.

In 1803 Lacepede created a new genus Scornheromorus for a fish of tliis

genus, by examining an inaccurate copy of a sketch by Plcmier, which

represented the two dorsals as if they were connected together. But afterwards

Lacepede found that his Scornheromorus plumier'd was a synonym for Scomber

rcgalis Bloch ; so that he withdrew the genus afterwards, and omitted it in

the index of his work. Moreover the following diagnosis of the genus written

by Lacepede is quite inappropriate for any fish of the Cybiidae. The

<lit'.gnosis is written as follows :

—

" Une seule nageoire dorsale ; de petites nageoires au-dessus et au-dessous

do la queue ;
point d'aiguillons isoles au-devant de la nageoires du do3 ".

I have found the five following species in our watei-s. Though Jordan

and Richardson (29) mention the name of G. JctiMi in their catalogue of

Formosan fishes, I was unable to find the species.

Key to the Japanese species of the geuus Cijhlum.

Lateral line simple, air-bladder preseut.

Pectorals pointed, many transverse bands on the body C. commerson.

Pectorals large and rounded, indistinct spots in one or two rows C. chinense.

Lateral Une with numerous fine branches, air-bladder iibieut.

Tongue toothed, lateral line slightly undulating.

Height of the body nearly equal to ihe length ' of the head, seconl

dorsal long C. guttahim .

Height o£ the body much greater than the length of the head C korean'Am,

Tongue naked, lateral line with a marked curve C. nip/Mnium.

Cybium commerson (Lacepede).

Yokoshimasawara, totiih (Taiwan), ushisawara.

Fig. 36.

Scomber commerson, Lacepede, Hist. Nat. Poiss., 11, 600, PI. 20, Fig. 1, 1800.

Cy'mim commerxonii, Cuvier, Regne .Vnira. ; Klippel, .All. Fische, 9t, Taf. 25, Fig. 1,

1828; Cuv. & Val., Hist. Nat. Poiss., VIII, 105, 1831; Eiippel, N. W. Fische. 41;

Günther, Cat. II, 370, 1860; Pay. Fish. India 255, PI. LVI, Fig. 5, 1875-78;

Kluuzinger, Fisch. Eolh. Meer, 112, 18S1.

Cyhium mu'.tifasciatum, Kishinouye, Sui. Gnk. Ho, I, '.). PI. 1, i'U-, 3, 1015.

D. 17, 15, 9. A. 14, 9. Gill-rakers 1-^2. Veit. 20-f-24.

Body elongated, fusiform, highest near the middle part, tliat is at the

origin of the second d(jrsal, and nearly rouniled in ci-os3-section. Snout
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loug. Minute scales are found all over the Ixxly. Lateral line undulating,

making a niarked cun'o behind the second dorail. Scales on the lateral hue

are alxiut 230 in niuuber. Teeth in jaws short, triangular, nearly straight,

much compressefl, and very minutely serrated as in Acanthocylium. There are

about 30 in the upjxn- and 20 in the lower jaw. Teeth on the vomer and

jmlatines are very minute, granular and indistinct, as Kluxzingeb rightly

remarked " viele rauhe Plättchen." The intestine is very long, and bent four

times. Air-bladder present. Ltiteral keel of tlie caudal peduncle rather low.

Back greyish blue, and the Ix'lly silvery. On side of the body abuut fifty

transverse bands wliich fade gradually towards the ventral median line. In

young sfjecimens these bands are represented as elongated dots on the sides

and very few in umiilÄi'. With the growth of tlie fish, these markings elongate

and increase in number. Mouth cavity nearly col-iurless.

The flesh is said to be fetty but firm, and is superior in taste to that of

our common seerfish, CyKitm niphoninm. Spawning season seems to be in

spring, when they visit tlao coast of Taiwan in scli )oLs. In July immature

fishes of about ten cm. are found in Taiwan, and immature fishes of about

twenty cm. in the markets of south China in autumn.

The first specimen caught in Japm proper and identified as belonging to

this s^x«ie3 was found by Mr. YoZO Nakajima, at the northern coast of

Yamaguchi-ken, and was sent to n.e for identification, in Dt«. 1914. The

fish measured 126 cm in the total length, and 20 kg in weight. According

to Mr. jSakajima this species is caught on the Japan Sea coast of Yamaguchi-

ken from Octolxjr to January, in fixed seines or giU-uets for Seriola quinque-

radiota. Only two or three are caught in a haul. Here they seem never

to come to a ground shallower than 30 metres.

This species is abimdant on the west coast of Taiwan in winter and

spring. It is veiy widely distributed in the Indo-Pacific region, lx>ing known

in New Guinea, East India, India, Bed Sea, Cape of Good Hope, Samoa, and

Austraha. Mr. K. Miyagami collected many immatiu'e specimens in autumn

in southern China, and a few stragglers are caught on lx>th sides of the Strait

of Chosen in autumn and winter. Tliis s^xxies is ronuu-kable for migrating to

the north in cold months and to the south iu warm montlis. Large schools

are hauled in Taiwan iu a seine or caught with ti'oll-lines, set nets, or drift
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nets. Caught {ibnudautly ou a culm diiy aftov a sti'ong gale.

Cybium chinense ScUegel.

ImisaAvava, aosawava, liasawara, lioteisawara, knsamoclii, oldsawara,

uke, iisbisawara.

Figs, 34, 40.

?f)anmber .sineiisi.«, Liacepede, Hist. "Sat. Poiss. HI, 23, 1832.

y Cg'ilum rhinenxe, Cuv. Jk Vnl., YIU. 180, 1831.

Cy'jium chlntnae, Schlegel, Fauna .Tapon., Poiss, 103, Tab. 53, Fig. 1, 1850; Kishinouye, Sui.

Gak. Ho. I, 11, PI. ], Fig. 5. 1915

Scoihha-omorus chinentis. Kishinouye, Zxil. Mag. Tokyo, XX, 1, PI. 2, Fig. 1, 1908.

D. 16, 15, 8. A. 16, 7. GiU-rakers 2 + 9. Vert. 18+22.

Body elongated, laterally compressed, and liecomes deep rather suddenly

beliind the nape in some forms, probably the male. Head large, pointed, and

concave in the dorsal outline. Snout long. Teeth in jaws lanceolate, trenchant,

and curved inward, about 20 iu the upper and abiut 15 ia the lower jaw.

Vilhform teeth on the vomer, palatines, and the tongue. First dorsal rather low,

becomes almost invisible in the posterior part, being hidden in the groove.

Caudal very large and powerful. Pectorals remarkably lai'ge and rounded.

The lateral line lias a marked cm-ve nnder the posterior part of the &st dorsal,

and is nndulating in the caudal portion, where the lateral line is found Ixjlow

the lateral median line. The intestine is bent a little near the middle point.

Abdominal cavity rather high.

Back greenish blue, Ijelly silvery, and fins mostly bkckish. Vontrals and

the anal are blackish at the margin, but the anal finlets are quite colourless.

Ii'is is silvery or washed with hght brown.

Tliis species attains a big size, being the largest one among om* seerfishes.

A fish of 2 m in length, and 80 kg in weight is recorded. Too fat, and more or

less inferior in quality. Nut sought after with a special fishing apparatus. Some-

times uuintentioually caught in nets for other fishes. Rather abundant on the

southern coast of Chosen, two or thi'ee dozens of this species lx;ing often caught

on an autumn day, in a pouna-uet erected at a depth of about 20 m ; and in

the fish-market of Fusan gigantic forms of this species attr.act visitors' eyes.

On the Pacific coast the northern limit of the disti-ibution of this species

is foimd in the cast off Chiba-ken, and in the Japan Sea off Akita-ken.
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Cliii'lly fonntl oil tho coast i)f tin- s mtliwoskTu purt uf our CDuntry, iu Kyushyu

!in(l Clioseii. Mort' or less iibuucluut iu the Jfipau Sea. Not fouud iu the

clear warm water of the Kuroshiwi >. It is said that this specits is ofteu found

at a spot where two cun'cuts of water meet iu violent commotion, ami this

species seems to havt? habits similar to sjiearfisiies.

Whether Scomber sinense LACEpfeDE and Cijhium cJiinense Cdvier are

syu(juyms of this species is not quite certaiu, ixs their descriptions being

foundetl on a Cliincso picture are very poor; but so far as we know there is

no other species in the orioutal watei-s than the present one which lias the

lateral line beut beneath the first dorsal. Therefore the Cliinese picture on

wliich these species were founded will probably represent this species.

Cybium guttatum Cuv. & Val.

Kiihpah.

Fig. 61.

? Scomber guttatus, Bloch, Schneider, 23, Taf. 5, 1801.

Cjbium (jaltatum, Cuv. & Val., Hist. Nat. Poiss. VIU, 173, 1831 ; Giiuther, Cut. H, 371,

1860; Day, Fish, India, -255, PI. LV, Fig. 1, PI. LVI, Fig. i; Cantor, Malay Fish.,

Ill, 1849; Kishinouye, Siii. Gak. Ho, I, 379, 1916.

D. 1(3, 19 or 20, 8 or 9. A. 21, 8. Gill-rakers 2 + 8. Ycrt. 21 + 30.

Body olougatod, laterally compressed, aud nearly naked outside of the

corselet. Caudal portion long and broad. Secoud dors.al, tuial, aud the caudal

well developed, but the pectorals are small. Teeth iu jaws sharp, about 17,

miuute teeth ou the vomer, palathies, and the tougrie. Latei'al line is nearly

sti'aight with a sh'ght beud, a little before the caudjil keel. Numerous short

brauches are fouud in the autt^rior h;ilf. They are oblique, closely set, and sxe

longer towards the nape, diverging backward. The scales on the lateral line

are about 170.

Tlie right lobe of the liver is Lirge, while the middle lobe is short and

narr(}w. lutc-stiue is skuckr with a l<>:>p at the middle. Tlie iuuer -wall

of the stomach has about twenty k)ugitudiual folds, half the number of which

are smaller and afemate with the larger. Pjkffus descending, stump at the

distill end, aud communicates with the duodenum by a very uarrow opening.

Tlie duodeumu is nearly as loug as the pylorus, wide at the fore end, ^vith ono

anterior pyloric canal aud another large posterior canal. Air-bladder wanting.
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Body silvery greyisli with several rows of dark spots ou the side. Two

dorsals, dorsal firJets, and the caudal are black. Anal and aruil finlets are

colourless.

Specimens examined measure about 60 cm.

Widely distributed in the Indo-Pacific r^ion and also in Austi'alian waters.

Rather abundant in Taiwan.

Cybium koreanum Kishinouye.

Hirasawara.

Fig. 35.

Cybium koreanum, Kishinouye, Sui. Gak. Ho, I, 11, PI. 1. Fig. 6. 11)15.

D. 14, 19-21, 9. A. 18-21, 7. GiU-rakers 3-1-10. Vert. 20-f26.

Body veiy deep, deeper than the length of the head, and broadest at the

hue connecting the origin of the second dorsal and that of the anal. Snout

short. Small scales are found in the corselet, lateral line, and round the base

of the fins. They are, however, chiefly concealed under the skin, so that the

Ixxly seems to be entirely naked. Teeth in jaws sliarp, elongated, 16-19 in

the upper, and 13-15 in the lower jaw. Tillous teeth ou the vomer, palatines,

and the tongue. Two gill-rakers are found ou the S(K»ud branchial arch.

The Literal line rans nearly parallel to the dorsal outline of the body, with

sh'ght undulations. Many branches on both sides of the anterior ha,lf of the

lateral line are quite similar to those found in C. gvtkditm. The ventrals

are very small, Init the other fins are well developed, especially the second

dorsal, anal, and caudal. Intestine very long, bent more than four times.

Short blind process at the end of the slender pj-lorus. Air-bl«tdder wanting.

Abdominal cavity very low, compared with thut of other seei-fishes. Tlie

inner wall of the stomach has about 15 longitudinal folds. Fom- pyloric tubes

from the duodenum, of which the second is the longest.

Occipital crest very high, gradually ascending Viehind. Hyoid Ixines,

clavicle, and hj'pocoracoid very broad. One auxiliary intermuscular lione in

the occipital region. In some caudiil vertebrae we fiud a lateral median groove

on each side, so that their cross-section is more or less octo-radiate.

The whole body shines brilliantly with a metallic lustre. The back is

greyish blue, and the belly silvery. There are three or more longitudinal rows
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i)f siaiill inicyisli spots ulou^' the latoml iulhIuiu liue. Fius blacldsli, voutnils

und ftnal fiulets excepted.

It i^ remarkrtble that this fish spawns id the month of Daidökö, near

Cliinnnupj in -Tnly, iiiid the iiniuature fisli is canglit in stjw nets near tlie

pi)rt, in Angnst and September. Grows to a length of more tL-in one and a

half metres, and about fifteen k^ in weight. Matures when the fish is

alwut 2.25 kg in weight and 75 cm in length. At Chinnaiipo the; wat(>r

is turbid, of a brownish col.mr, and in warm seasons its density at 15° C is

1.91-2(J— 1.0164 neai- the surface, and 1.0166— 1.0IS2 near the bottom.

So far as we know the distribution of this species is limited to the west

and south coasts of Chosen.

Caught in summer and autumn with drift nets or in pound-nets. The

fishery of tliis fisli in Daidökö was begun by Japanese fishermen since 1917.

It feeds on sardines, anchovies and shrimi^s.

Very nice food fish ; but becomes inferior in the spa%vning season.

Cybium niphonimn Schlegel.

Sawai'a, sagoslii.

Figs. 6, 9, 32, 41.

? Cghium niiMniwn. Cuv. & Val, Hist. Nat. Poiss., VHI. 180, 1831.

Cybium mplioniuin, Schlegel, Fauna Japon. Poiss., 101, Tab. 53, Fig. 2; Ivisliinouye, Sui.

Gak. Ho, I, 10, PI. 1, Fig. i, 1915.

Scom'ieromorus nip/toniux, Tanaka, Fish Japan. I —X, 151, Pis. 42, 11, 1912.

D. 19, 15, 9. A. 15-17, 8. Gill-rakere 3 + 9-10. Vert. 22 + 28.

Body slender, elongated, and compressed, covered with such minute scales

that they ai'e not stripped before cooking. Corselet indistinct. First doi'sal

very long, and its dorsal outline is of very slight slope. Pectoral concave at

the inferior posterior margin. Lateral line imdulating, and has a marked

curve below the second dorsal. Many small branch-canals are found on both

sides of the lateral line, but they lu-j not so distuict as in C. gidtatum and

C. koreanum. Teeth in jaws lanceolate, curved, and trenchant, about 25 in

the upper and about 20 in the lower jaw. They ai-e a little smaller than

those of other species. Villous teeth on the vomer and palatines, but none on

the tongue. Only one gill-raker on the second gill-arch.
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The right lobe of the liver is longer tliau the otheis. The inner wall of

the stomach is provided with about 12 longitudinal folds. Intestine slender,

sti'aight, without any loop. No bhnd sac to the pylorus. Duodenum saccular,

more or less flattened, and wide. There are alx)ut six pyloric tubes. The

tube oixuiing just behind the pylorus is longest. No air-bladder.

The whole body shines with a metallic lusti-e. The back is light greyish

blue, washed with green, and the belly silvery. In a hviug fish we observe a

purplish shade. Seven or more longitudinal rows of greyish spots are found

on each side of the body. Some anterior spots in the median row are often

connected together. The male fish is said t ^ lie darker in colour than tlie

female. Pectorals, two doreals, and the caudal are likckish. Ventrals and

the anal are nearly colourless. Immature fish of almnt 7 cm lacks markings.

They are broader, compressed and have a longer head tlian the adult.

Grows to a length of about 1 m. and 4.5 kg in weight. A fish under

one half metre long, and about one kg in weight is generally immature, and

is called "sagoshi." A fish under about two kg in weight is called " koza-

wara " by fish-mongers.

This species is a good and valuable food-fish, caught all the year round,

and especially abundant in spring, when the fish spawns. Spawning season

is from April to Ma}'. The ripe ovum is very large, about 1.5 mm in

diameter. The laiTal fish is remarkable in having a large head with well

developed strong teeth in jaws. Immature fish of about 3 cm ai'e found in

April and May. They grow to 10—20 em in winter. Those immatiu-e fish

are found in shallow watei-s and are caught in di'ag seines for sardine.

Ovarian ova do not mature at the same time ; but here aud there some

ova become large and ü'ansparent, and assemble to the central cavity to Ix)

discharged.

Tliough wanting in the air-bladder this S|X3cies has a rather wide range

of vertical distiibution, swimming near the surface of water in wann seasons,

and descending to the deeper layer of waters in cold seasons. Geographi-

cally tliis Sfiecies is widely aud abundiintly distributed in coastixl waters

(10—20°C, 1.022—1.024 in density) of our empire ;—Hondo, Shikoku,

Kyushyu, and Chosen, and also in waters of noi-theru China. Most abundant

in the middle paii of the empire, csjxxiially on the co;«t of the Inland Sea,
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Imt Ijfcouiiug luort' soarco iu tlu; uoiiluni juid southern puis. A few stnigglors

are sometimes fouud ou tlie coast of Hokkaido. This sixicits euters the Inland

Sefl. and bays iu the siKiwniug season. It becomes very lean after spawning ; but

recovers its fattiuess alrt^ndy in autumn. In summer and autimjn the fish is

often foimd near the surfiice, it leaps out of the water, but in the cold montlis

it lives near the bottom. At the flood-tide the fish is more active and is

said to piusue small fish violently, often tearing drift nets with force. Thus

fishenutu of some villages of Nagasaki-ken an- said to use the drift net for

this fish at the time of the ebb-tide t^ul}-.

A fishery expert in Kagawa-ken estimated tlie number of ova spawned

fi-oni an adult fish in a S(>nson to 1« 550,000—870,000.

Li the migKitiuu to tht^ Inhmd Sea the male fish is more numerous at

the beginning of the season ; but the female fish predominates near the close of

the season. At this time the female fish may easily be distinguished fiv>m tJu?

male by the thick and swollen abdomen.

Caught with troll- or hand-lines, set-nets, drift nets, seines, pound-nets

etc. I/jug lines are seldom used, ns the fish are not easily inducexi by dead

or inactive baits. When emjx)uuded in p)und nets at night the fish seem to

tiy to escjipe tirrough the meshes at the bottom.

In the Inland Sea ti'oUcrs expect good catches within the two houis before

sind after the ebb-tide, especially at dawn. In this sea the fish feeds principal-

ly on the sand-eel.

A jaw bone of this fish was found in a sheU-mound in Chiba-ken, which

proves that the pre'liistoric people in om- Islands also caught tliis fish. However

the fisheiy of this fish seems to have developed very slowly. The name is not

mentioned in very old literature, such as the " Yengishiki " and the " Man-

yoshyu ", though many other common kinds of fish are enumerated.

Late in November, 1902, a fisherman of Niihama, Yehime-ken, caught

alxiut fifty adult sawam with drift-nets. This untimely catch caused much

;istouishment. Generally adult sawara leave the Inland Sea soon after spawn-

ing, latest at the end of June.

From a recent iuquiiy of the Experimental Fisht!iy Station of Kagawa-

kon, it liecame clear tliat tliis species comes to the luljind Sejx again iu

autumn, though not so abundant as in spring. However, it is thought
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tlmt tlie fisher}- iu autumn iu the Inknd Sea will lie remunemble to open-

boat drifters.

Genus Sarda Cuvier.

Sarda, Cuvier, 1829; Jordan & Evermanu, 1895.

Pclamys, Cut. & Val., 1831 ; Günther, 1860.

Body elongate, but rather short and compressed in young specimens.

Scales minute, and a small coiselet more or less distinct. The caudal keel is

thick and naked. Teeth in both jaws are large, compressed, and strongly curved

inward, but not ti-enehant. Near the anterior end of the lower jaw, the row

<jf teeth is bent inwards and approaches the symphysis. Vomer is toothless,

but a single row of rather sti-ong and curved teeth on the jDalatiues. Tongue

also toothless. Many dark, longitudimil, moi"e or less oblique stripes are found

in the dorsal part of the body. Vertebrae of the caudal peduncle have lateral

keels. Voracious fish of rather .small size in subtropical aud ti-.)pical w^^,tel•s

of both Pacific and Atlantic Ocean. Pelaj^ic.

Sarda orientalis (Schlegel i.

Hagatsuwo, hohzau, kitsunegatsuwo, sabagatsuwo, shi magatsmvo,

snjigatsuwo, tohzan, etc.

Figs. 11, 17, 33, 42.

Felamys orientulis, Schlegel, Fauna Japon. Poiss,, 9J, Tab. 52, 1850; Criinther, Cat. Brit.

Mus. II, 368, 1860.

S'lrdd chilensis var. orientalis, Stendachner <fc Doderleiu. Ueitr. z. Kennt, il. Fisch. Japan.,

Ill, 11, 1883.

Sanla orieyttalis, Kishinouye, Sui. Gak. Ho, I, 12, PI. 1. Fig. 7, 1915.

D. 19, 15, 7-8. A. 15, 5-6. Gill-rakers 4 + 9. Vert. 25 + 20.

Body elongated fusiform in adult specimens, but rather short and com-

pressed in young specimens. Mouth wide, maxillary reaching beyond the

orbit, with large curved and compressed teeth. Teeth in jaws are more or

less unequal in size. About 16 in the upper, and 10-13 iu the lower jaw.

Groove in the skin from the corner of the mouth is present, as in the tunnies.

Posterior uosti-il is a mere sht. Scales minute. Lateral line undulating

slightly, and has a peculiar, wave-like lx;nd over the pectoral fin.

Stomach long, with more th:in twenty longitudinal folds. Intestine
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nearly straight, boundary of tlie rectum indistinct. Pylorus descending with a

few longitudinal folds inside, and rather narrow.

Liver consists of throe slender lolies, of which the two lateral loljes are

very lung and ncjixly equiil in length, while the middle one is short.

Myotomes arc strongly folded, so that in the cross-section of the lateral

muscle we count uearlj' as many rings as in the same of tunnies. The

median wedge-sLaped portion of the lateral muscle is reddish, and the i"ed

portion becomes thicker towards the tail. On the surface of the last myotome

we cannot find a tendon.

Skeleton ixjrous and rather weak, and much resembling to the type of

the Cybiidae. Tlio vertebrae of the caudal peduncle are provided with lateral

keels, each of which is divided into two, anterior and posterior portions. Two

auxiliary intermuscular bones are found on the exoccipital, —one on the dorsal

wall of the foramen maguum, the other a httle forward. At the dorsal part

of the clavicle the anterior pointed process is widely separated fn)m the

posterior lamellar part.

Grows to a length of about 80 cm and to a weight of 1.5-3.0 kg.

Flesh is rather soft, and inferior in quality. Generally this s^Xicies is not

specialh- .sought after, excejit in Kyushyu, but is caught as an adjimct in

fisheries of the mackerel, l>ouitos, scuds, etc. It is said that in Kyushyu a

few pound-nets are sjÄcially built for the capture of this species.

This sjKcies lives rather near the surface of the coastal waters, and some-

times makes large shoals. It bites eagerly on a bait, natiu'al or artificial,

hence it is easily caught with trolling lines.

Found in the southern parts of our waters, both on the Pacific as well

as on the Japan Sea coast, especially abundant in Kyushyu. Manj- jears

ago, an immature example was caught in a di'ag-seiue on the Pacific coast of

Aomori-ken. The Hawaiian species of Sarda seems to be the same as the

Japanese species, but the Cahfurnian seems to belong to the Chilian si^ecies.

Many authors have confoimded this s^jecies with an alUed species from the

Pacific coast of South America; but the difference Ijetween them is quite

evident. As Schlegel rightly remarked, the pectorals are snaaller in Sarda

Orientalis, and not only these fins but the other fins are also smaller. Moi-eover

the numl'cr of gill-rakers is 9+17 in Sarda chilensis, and the number of
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vertebrae is 22 + 22. The dark sti-ipes in the back are fewer, and more

oblique in S. chilensis, and much wider apart than in S. orienialis.

Genus Gymnosarda Grül.

Gymnosnrilft, Gill, 1862.

Body long, fusiform with a large head. Mouth large, but the maxillary

does not reach beyond the orbit. Eyes large. Scales in the corselet elongated,

and concealed under the skin. Outside of the corselet and the base of the

fins the skin is entirely naked. Lateral line undulating. Teeth in jaws

large, curved, and nearly conical. Villous teeth ou the tongue and palatines,

but the vomer is toothless. Caudal portion very slender with a well developed

keel on each side.

First vei-tebra is very short. Cross-section of caudal vertebrae is more or

less cruciate, but the lower end of the perpendicular hmb is always bipai-tite.

Anterior precaudal vertebrae with three venti'al grooves. In external ap-

pearance fishes of this genus are closely related to tunnies.

Pelagic fish of voracious habit, and of somewhat lai'ge size in the

littoral waters of the tropical region, chiefly Indo-Pacific ; but a species is

recorded from European waters, —the Mediten-anean and the North Sea. In spite

of gi-eat differences in external characters, as well as in the internal anatomy,

many authors confounded this genus with the genera Katsutootms and Eidhyn-

nus of the Katsuwonidae.

Gymnosarda nuda (Giinther).

Isomagviro (Ogasawara Is.), tokakiu (ßyukj'u Is.).

Tl.ijnaiiS (rdiiimjs) unlcolor, Rippel, N. W. Fisc'j.. 40, Taf. 12, Fig. 1. 1838.

Pelumys muhi, Crunther, Cat. Brit. Miis. II, 388, IS.'.O ; Kiunzinger, Fisch, d. Roth. Meer.,

110, 1884.

Gymnosarda nuda, Kishinonye, Sui. Gnk. Ho, I, 13, PI. 1. Fig, 8, 1915.

D. 14, 13, 7. A. 12, 6. GUI-rakers 2 + 10. Vert. 19 + 19.

Body fusifoi-m, entirely naked outside of the small corselet. Head com-

paratively large and the caudiil peduncle very slender. As the scales of tlie

corselet are concealed imder the skin, small wrinkles are found arotmd the pecto-

rals, and several longitudinal furrows on both sides of the dorsals. Lower jaw

broad. Teeth in the upper jaw jue 18-23, and in the lower jaw 10-16.
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Lateral line runs p;ir;illel to the doi-s;il outliuo of the body, nearly to the

twelfth spine of tlio (iret dorsal. Below the spino the Uno is bent downward.

Behind tlie vertical from the first dorail finlet, a few undulations in the line.

Scales of the lateral line are also concealed under th« skin, and on both

sides of the pored sodes we find two or three i*ows of minute scales. The

lateral keel of the caudal portion is also covered with minute, clonfi;ated

scales. The third spine of the first dorsal is longest and thickest, though

RÜPPEL reports that in his six-ciniens the second spine is the longest. Air-

bladder ku'ge and think-walled, though Rüppel denies its presence. Pyloric

coeca form a conspicuous mass in the abdominal cavity as in other forms of

the CybiidLie, so that it is strange that they escaped the eyes of Rüppel, but

the fact tliat the mass of the coeca is enormously developed deceived the

naturalist, probably the mass was taken as a pxrt of the liver or other organs,

as KIIjUNZINGER (49) remarked in his work.

Skeleton fir.n and strong. Tlie number of vertebrae is very small, compared

to that of the species of Cyhium. Skull flat and broad. Anterior half of the

frontals is provided with many oblique ridges, and covered directly with the

skin. Posterior margin of the preopercle is a Uttle undulating. Dorsal

anterior margin of the opercle is slightly concave. Inner Umb of the

suboporcle is Iiu-ge. First vertebra is very thin and its neural process is free

from the centi'um. Auturior preeaudal vertebrae want the parapophyses, and

the lateral keel of the caudal peduncle is narrower than the diameter of the

centrum. The last haemal process is coalesced to the fan-shaped hypural

bone. Cross-section of vertebrae is not ex;tctly cruciate in most of them, but

more or less sex-radiate. Haemal arch is formed from the eleventh vertebra,

and haemal spines of some length are found in preeaudal vertebrae. Inter-

muscular bones are very numerous, being found to the 29th vertebra.

Colour is said to be dark bluish to violaceous at the back, and greyish

white at the belly. Top of the head and the anterior end of the lower jaw

are greyish. Fins are black or greyish, leaving the tip of the second dorsal

and anal colourless.

It is told tliat the fish attains the big size of about 240 cm with a weight

of 80 kg ; but fishes now commonly caught at the Ogasawara Islands are 100-

150 cm in length, and 20-30 kg in weight.
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Known from tbe tropical regions of ludo-Pacific •watei-s. Caught with

liai'poous, hand-liues, aud ti-olling lines at the Ogasawara and Kvukjn Islands.

Voracious fish, resorting to the rocky bottora of coastal Maters in small

schools of tens or scores, devouring Caesio, Decaplerus, etc. Not found in off-

shore waters. Caught at gi'ouuds about 20-200 m off, with hooks dressed

with live baits. Bites hooks readily iu the twilight. When there is no tidal

current the fish is easier caught. A better catch is expected in the spawning

season, May and June, though it is caught all the year round. Some

condemn the flesh of this fish as soft and lmsa^•oury, Init others commend it

aj delicious. This clifierence of opinion is perhaps due to tlio diöereuce of

season in which the fish was tasted. Klüszingee (49) says "selten einzeb,

in hohen Meeren, meist tief, kommt selten, herauf. Frisst als LocksiDcLse

Clupeiden und kleine Sphyräueu. Fleisch geschätzt."

l'ig. Y. A caudal veitebra from a sbell-iüoimd of Ogido. 7,9 nat. size. From left, oorsal.

lateral, and ventral views.

Kecently Mr. Akira M.^tsumuka of the Anthropological In-titute. of om-

University sent me for identification a large vertebra obtained from a shell-

mound in Rj'ukyu. The vertebra is closely allied to the 31st vertebra of the

present s^Decies, but not exactly, difllring in the shape of the lateral keels,

and the neural and haemal gi'ooves.

Order PLECOSTEI Kishinouye.

I'kcostci, Kiiihinouye, 1U17.

Thunnidae, Kishinouye, 1915.

Thunninae. Starks, 1910.

Group of teleostomatous fish, having a cutaneous vascuhtr system, cod-

nectcd with tlio vasc.ilar plexus developed iis sheets in the lateral muscle.
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Portitiüs of the lateiiJ muscle sniToiindod by these sheets of tlio v:iseular

plexus are situatetl on biith sides of the vertebnil column, and are dark red,

nearly black in colour. Another peculiar vascular plexus is developed f)n the

iuner side of the li\<>r ov iu the haemal canal. Moreover the circulation of

blood in the liver is especially well developed.

Thus this gi"oup of fish is distinctly defined from the other forius of the

Teleostomi, and comprises the most highly specialized forius of fishes. There

is no doubt that they are descendants from the Acanthoptei-ygii, among which

they should have been classified. They are most closely alUcd to the geneva

Sard" and Gymnosarda of the Cybiidae.

The bod}- is well adapted for swift locomotion, being plump, ^winted at

both ends, and smooth at the sm'face. Caudal peduncle very slender, but with

broad Literal keels. Head triangular, nearly flat at the toji. Snout shorter

and the mouth smaller thnu iu the Cybiidae, the upper jaw scareeh- reaching.;

the vei-tical ft-om the middle of the eye. The pstericn* part of the external

mai^in of the upper jaw is not sti-aight, but lx)iit di)wnward, due to the over-

lapping of the maxillary over the premaxillaiy. Posterior end of the upiier jaw

is stiuight, due to the form of the supplementary bone. Tlie anterior n(;stril is a

mere point, and the posteiior ncstiil a trausveise slit. Scales large and thick

in the coi-selet, and those behind the eyes are thick and elongated. Scales are

ctenoid at the margin but smooth at the surface. Opercular region is entirely

nnked. Coiselet is covered with a thick membrane of stixjng connective tissue,

to protect the thick part of the peculiar cutaneous vascular system.

Fins are well developed with tliiek spines and strong fin-rays. In the

first doi-sal the fii-st spine is not iuferior in size and thickness to any succeed-

ing spiues, and the posterior side of the dorsal outline of the fin is concave.

TTie caudal fin is firm and very widely forked, more or less lunate in shajie.

Gill-rakers ai-e long and fine, and are developed on both sides of bi-anchial

arches. Abdominal cavity is narrow and depressed, as the ventral processes of

the pi-ecaudal veiiebrae are well developed, consequently the hypaxial jwiiiou

of the hiteral muscle iu the pi-ecaudal portion is very tliick (Figs. 18, 19).

Portions of the latei'al muscle on both sides of the veiiebral column ai-e

coloured dark red or blackish. These jwrtions are called " chiai " in Japanese,

and each dark i"ed jxirtion is thick at the anterior end, ta^xiring graduaUy
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towards the posterior end. The chiai portion is soft and poor in taste, and

contains about seven to fifteen times as much blood as the other portion,

estimating from the colour.

Pylorus short, descending, runs along the inferior side of the stomach.

Duodenum receives at the posterior side five or six dendritic canals carry-

ing the tufts of pyloric coeca, and in bonitos two short tubes on the anterior

side as well. These dendritic tubes greatly vary in length. Each terminal

branch of these tubes ends with a tuft of coecal outgi'owths of nearly equal

size, and yellowish in colour. Each group of these tufts is covered with a

membrane, and the whole mass of these tubes is covered with a thick

membrane to form a compact mass. In these tuljes we find a half digested

mass of food, but in the yellow tufts we have not found it yet.

Myotomes at the surface of tha body are bent with acute angles at 5 points,

so that we find more than ten concentric circles in the cross-section of the lateral

muscle in each quadi'ant. There are three myotomes in the cepliaUc region,

and generally we find an auxiliary intermusclar bone between the Lost two.

Myotomes in the caudal pedimcle seem to have been reduced in number.

Moreover the terminal tendon of these myotomes are well developed, and may

be distinctly seen at the outer surface of the muscle, when we remove the skin.

The vascidar system is very complicated and variable in different membei*3

of the group. Besides the cutaneous vascular system ^re find many peculiari-

ties. It is remarkable that ia the ancestral forms of tmmies the posttn-i(ir

cardhial vein does not poiu- dh-ectly into Cuvier's duct. In these timnies

the principal veins uniting with the Cuvierian ducts are two large cutaneous

veins carrying blood from the dark r>?d portion of the lateral muscle, and the

anterior jugular veins. The posterior cardinal vein is insignificant and communi-

cates mtli Lateral commissures at tlie caudal peduncle to the cutaneous veins

mentioned alxive. In these forms hepatic portal veins form a massive plexus

OQ the axial side of each lobs of the liver. In more advanced forms,

however, the posterior cardinal veiu is well developed and imited with the

right Cuvierian duct. In these forms the venules flowing downwards fi"om the

dark red portions collect to the comparatively spacious haemal canal, and

there they are divided into many short parallel transverse canals, wlut-li fill

up the canal entirely, forming a solid mass in it. In still naore mollified
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bcnitos, the cutaneous veins clo not unite directly with the Cuvieri:in duct, but

form liopatic pirtal veins. In bouitos the vnsciilftr plexus is also foimd in tlio

haemid canal. Blood vessels in the air- bladder belong to the visceral viuseulav

system.

In primitive timnies tlie kidneys are mora or less ring-shaped, jiLst Miind

the head, and around tlio phaiyngoal mxiscles. In the otlmr tunnies the

kidneys are produced more or less liohinil, and in bonitos they ara elongated

nearly to the end of the abdominal cavity. Posterior portions of the kifhaeys

lie chiefly on the roof of the abdominal cavity but, in the haemal canal too

we find a continuous or sometimes small discontinuous masses of a kidney-like

brownish substance with minute black spots.

Skeleton firm, solid, and comparatively light. Skull firmly (rousolidated.

The dorsal surface of the skull is entirely covered with the Lateral muscle and

there we find paired non-ossified portions, except in the genus Avxis. On

the ventral side of the skuU we find many deep grooves for the insertion

of opercular muscles. The posterior end of the parasphenoid is more or less

tubular. Subcranial canity is very high. Lower piece of the postclavicle is

not flat, the broad proximal part mfiking nearly a right angle with the naiTow

distal part, and these two parts ai-e in two difierent planes. Tlie distal part

is very short in nuiuy cases. Clavicular ligament is inserted in tlie first

vertebra not to the skull.

Vertebrae are compact and rich in grooves and ridges, so that they are

light and firm. The total numter of vei-tebrae is alwaj-s 39, except in the

genus Katsmocmus which has 41. Tliey difier from each other in form, processes,

etc, in difierent parts of the vertebral column. Neural and haemal processes

'ire more or less Laterally compressefl. The first neural process is remarkably

feeble.

Fishes of this order seem to liave their own temporatm-e, more or less

higher than the temperatm-a of the water in wliich they live. Tliey are

voracious, ^jeLagic fish, swimming very fast, and feeding on small fish, calamaries,

and medium sized plankton. Foimd in temperate and tivipical seas. They

spawn in off-shore grounds and gi'ow there. They are very energetic and

powerful, therefore specially long and strong implements ai-e required for catch-

ing them.
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Key to the families of the order Pleeostei.

Itody wholly covered with scales, second dorsal and anal high, vertebrae 18 f 21.

transverse process ]iresent. 1st vertebra short, anchylosed to the bkull. alis-

phenoids meet at the ventral median Hne. nir-bladiler generally present Thunrüäae.

Body naked outside of the corselet, second dorsal lower than the first,

vertebrae generally 20 + 19, some intermuscular bones are divided into two,

distal and proximal, epihaemsl spine developed between the centrum and

the haemal arch in most vertebrae, network of haemal processes well

developed, air-bladder wanting . . Kntsuxcorääae

Family THUNNTDAEKishinouye.

Thunnidae, Kishinouye, 1918.

Body plump, wholly covered with scales, which differ in size and form in

different pai'ts of the lx)dy. Corselet well developed, but its boandaiy is not

distinct. The lateral line has a peculiai' cmTe above the pectorals. Teeth

rather feeble. Single series of small conical teeth in both jaws. They are sharj)

and averse inward. "VilHform teeth on the vomer, palatines, and pterygoids. Many

dentigerous calcareous plates are found on the palate. The denticles on these plates

are quite similai- to those found on the vomer, palatines and pterygoids. Thus

the roof of the mouth-cavity is quita rough, contraiy to the nearly smooth roof in

the Katsuwonidae. Thi'ee lobes of the Hver subequal. Intestine rather long, with

three folds. Pyloric tubes developed only on the posterior convex side of tha

duodenum. Pyloric coeca heterochtic, irregular in size. Those foimd at the

distal end being longer and thicker than those at the proximal part. Tliis

heterochrony is more marked in primitive forms. Rectum short, it hns nearly

the same diameter as the preceding part of the intestine. Aii-bladder pi-esent,

except in Neothunmis varus.

Cutaneous blood-vessels above and Ijelow the lateral median line ai'e unite<l

both at the anterior and posterior ends, and are connected, by shoii horizontal

vessels with the chief blood-vessels in the haemal canal at the caudal pedimclo.

The cutaneous veins ai"e large and unite with the Cnvieriiiai ducts directly or with

the cardinal vein. Each of the paired cutaneous arteries ai'ises just liehiud the

plaryugeal muscles or somewhat behind it^ runs backwiu'ds and downwards

behind the root of either the third or fifth rib, and is divided into two nearly

parallel branches, a little before it comes tj the surface of the muscle, between

two consecutive intermuscular bones. Tlie dark red portion of the lateral
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muScle is rather uarrow, and moots tiiu nxinl skeleton with 11 ihutow neck or

root in the hyp:i.xial \X)rtion (jnly.

Ligament in a deep median groove between the anterior end of tiir.

fi"ontal8 is attached to the skin, anterior to the median foramen of the sknU.

Tlu's ligament is a cliai'acteristic of this family.

The transversa process of some precaadal vertebrae is broad, well developed.

The first vertebra is greatly reduced in height and firmly anchylosed t) the

skull. Inferior foramen is small, and is fonnd in the caudal vertebrae only.

Number of vertebrae is constant, 39 in tatjd, of which 18 are precaucLd, and

21 caudal. The haemal canal is closed in the tenth or eleventh vei-tcbra, i. e. near

the middle of the precaudal region. Alisphenoids meet at the ventral meditui

line. Anterior precaudal vertebrae, are broader than Ingh. lioof of the moutli

cavity is coveretl with numeroiB plates covered with villous teeth.

Many systematists put too much weight on the length of thi; pect;jrals,

but it has little value in the classification.

Key to the genera of Thunnidae.

Cutaneous blood-vessels pass through the myotome of the fifth vertebra, surface

of the liver striated with fine venules T/iunnus.

Cutaneons blood-vessels pass through the myotome of the seventh vertebra,

surface of the liver not finely striated with venules.

Posterior cardinal vein is not continuous with the Cuvierian ducts.

Vascular plexus on the inner side of the liver Parathunnus.

Posterior cardinal vein is continuous with the Cuvierian ducts, vascular

plexu& in the haemal canal Neothunnus.

Gemis Thunnus Smth.

Thunnus South, 1845.

Thynnus, Cuvier, 7817; Günther, 1860.

Orcynus, Cuvier, 1817.

Germo, Jordan, 1888.

Albncora, Jordan, 1889.

Body plump, robust. The firat liaemal cauid is closed in the tenth vertebra.

Anterior liaemal arches of the precaudiil region ai"e turned forward and naiTow.

Eight side of the stjmach receives an artery fi-om the downward branch

of the coeliaoo- mesenteric arteiy. Two large branches of the coeliaco-mesenteric

artery send their blootl to the liver, and they are finely divided into plexas

ou the inner side of the Uver. These plexus reunite inta saveral artaries to
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the stomach, spleen, and iutestiue. The hepatic portal veins running along

these arteries are also subdivided into plexus before entering the liver. The

oesophageal ai-tery is not well developed, and the coeliac arteries are branchel

from hepatic arteries. Cutaneous arteries branch from the dorsal aorta below

the fifth vertebra and just 1 ehind the pharjTigeal muscles. Arterial and

venous plexus on the axial side of the hver.

Hound the spots of emergence of the hepatic veins the liver consists uf

only, a thm sheet of venules the substance of the liver not being fotmd in

these sjxjts. Thus the Hver is thickest midway between the root of the

hepatic veins and the attenuated mai'gin of the liver. Vascular plexus on the

axial side of the hver are also situated at the thin portions, and are siurounded

by thick masses of the Kver. Boof of the abdominal cavity is convex, at tlie

anterior pjut. External wall of the air-bladder is uniformly thin. Kidneys

ring-shaped.

Key to the Japanese species of the genus Thunrius

Pectorals very long, reaching to the second dorsal finlet. markings in the belly,

when present, longitudinally anastomosing Th. genno.

Pectorals not reaching to the vertical o£ the origin of the secjnd d->rsal,

markings in the belly transverse, and constantly present Th. Orientalin.

Thunnus germo (Lace^iede).

Tomboshibi, binchoh, binnaga, kantaro.

Figs. 2Ö, 46, 52.

Scomber germo, Lacepede, Hist. Nat. Poiss. II. 598, III, 1, 1802.

Thynnus pacificus. Cut. & Val, Hist Nat. Poiss. VIII, 133, 1831 ; Günther, Cat. Brit.

Mus. II, 36P, 1860.

Germo get-mo, Jordan & Scale, Bull. Bur. Fish. XXV. 175, 1S)D5.

r/i«nn«.s- alalumia ?. Kishinouye, Sui. Gak. Ho, I, 18, PI. 1, Fig. 10, 1915.

D. 14, 14, 8. A 14, 8. Gill-rakers 9-| 18-19. Sc.iles ca. 210.

Body rather slender, head and eyes com^mratively large, caudal portion

short. Scales ratlier liu'ge, about 210 in the lateral line. Pectorals sabru;

shaped, very long, reaching to the first aruil fiulot. Lower mtirgin of these

fins is a little concave at the proximal part. Height of the second dorsal is

equal to or a little shorter than that of the firet dorsal.

Tlie ixxjf of the abdominal cavitv is nemai-kably convex. So the cavit\- is
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very nan'ow iind tlie flesh very ricli iu aiuuuut. Tlirte IoIkjs of tbo livor are

cuuuec-tefl with each otlier bj- von- iiaiTow |X)rtiuus, aud the lateral lobes are

divided intj luauv lobiiles at the margin, as well as at the inner side. On

the outer side of the liver we fiud vei-y fine jj.-iraUol venules, coveriufi; nearly

the whole surtice of the livir. On the inner side of tl;e hver bulbous and

more or less conical lua&ses of vjisculur plexus oF both ai1x;rioles and venules

are found.

Venules to the cutaneous vein are aiTanged in two alternata rows, and

ai-e more numerous than the arterioles. These venules pour to the inner side

of the vein. Arterioles from the cutaneous aiieiy are arranged m one row,

and on the inner side of the artery (fig. 20). Venules are very niiuute and

nnmerous, forming tliick sheets iu the Literal muscle, befoiv pouring into the

cutjiueous veiu. These venules form numerous small bimdles by uniting just

at the i-oot. Eai'h of the mniierous bmnches from the cutaneous artery is

minutel}-, divided as soon as it emerges fi'om tli(> main blood-vessels, and

nmning along the venules supphes fi-esh blood to the dark red portion of the

lateral muscle. The cufciueous aitery originates just behind the pharyngeid

muscle iu the levels of the fifth vertebra and runs obliquely backwiird.

Air-bladder present, rounded at the anterior end, and its wall is mtlier

thiu. It is luimiw, but long, nmning the whole length of the abdominal

cavitv". Kidneys of both sides are unitad to form a flat, ring-shaped body

round the pharyngeal muscles. The ring-sliaped kidneys ai'e slightly prolonged

backward. Ureteis of both sides meet in a neai'ly straight line, thick at the

junction. In tliLs thick junction, we find a short longitudinal septum from the

anteriiir wall. Pcsterior to tliis septimi the uretei's are joined to a median

tube.

Skull rather uanow. Vertebral column more or less slender. Height of

the vertebrae neai'ly uniform. Parapophyses well develojied. Parajxjphyses of

the ninth veitebra are almost horizontal sis in the preceding vertebrae ; but in

the tenth vertebra the haemal arch is formed and is tm-ned forward leaving

onl-s' a little space between the centnim and the arch. In each of the following

precaudal vertebrae the liaemal spine is formed, and it is remai'kable that it

is nearly uniformly elongate<l. These precaudal liaemal spines are remarkal)ly

longer tlian in other tunnies. The head of the second and tlüi'd ribs is very



^og KAMAEICHI ELSHTSOrVE:

thick, and the tlis'.al partion of these ribs is broad, thin, and gi-Adually nan'ow.

The part between the head and the broad distal portion is very uaiTow to

admit the passage of the cntaneonns blood-vessels.

The colour is blackish blue in the dorsal part, with a greenish Instre

near the tail. Sides and lielly are silvery. In young specimens, ca 60

cm in length, we find some five or six dark, iiregukrly longitudinal bauds,

running neaa- the ventral median line. Thesa bauds are more distinct at the

caudal region, and are moi-e or less united in the form of irregular uet-work.

'First dorsal neaily coloiu-less, except the dusky border. Pectorals bkck,

veuti-als and the secoud doi-sal are duskj-, but the anal is nearly coloiu-less.

The dorsal finlets are dusky, washed with yellow, while the ventral fiulets are

more or less dusky. Iris silveiy, tiuted with light blue.

This species is rather small, a germon of ca 25 kg is rather rare and

large. lu southern California 8 kg fishes are said to be common, a fish

weighiug 20 kg is considered large. In Jai^auese and Hawaiian waters, fishes

of ca 45 kg are said to be nearly maximum and rare.

Very widely distributed in both the north and south Pacific. Caught in

large quantities on the Pacific coast of Hondo, but nut yet fouud in the .Japan

Sea. Foimd in off-shore gimmds only, never approaching the coast. Thus

species is caught iu our watera till about 43° N, off the south coast of Hokkaido-

In spring the germon begins to migi'ate northward. In this northerly migra.

tion the germon precedes the stiipad bouito, but follows our common timnj-

(Thwmus oricntalis). In winter the germon is found in the southern paii

of OOT waters, about 34° N. Found iu water of 10-25° C in temperatm-e, and

at a depth of about 80 m.

Germon or the albaeore seems to have beeu caught in om- waters since

the b^inning of the nineteenth centiuy, as its name is first foimd in the

literature of a very early pariod of that ceutury. In former tlays the germon

was caught imintentioually, while engaged iu fishing for the common tunny or

other kinds of fish, and was not valued, as its flesh is soft, but recently a

special long-Hue has been used for its aipture. Ciiught chiefly by means of

long lines and drift-nets.

Flesh pinkish in colour, soft, and not good for " sashimi ", hence not much

esteemed in om- countrj-, but the amount of flesh is comparatively large. The
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c»nued flesh is much esteeiued as " tuna " iu tlie Uuited States of America.

G«rmou feeds on pelagic plankton, crustaceans, and small fish. I found a

yoimg germon about 30 cm in length in the stomach of a large germon,

caught on Jauuan- 20th, 1917 near tlie Ogasawara Islands, and other small

ones from a ^-ellow filmed tunny and a spear-fisli, caught on February' 27th of

the same j-ear. Such small individuals are not caught nor foimd near tlie

coast of the main island.

I cannot tell at pi^sent whether the germon of the Atlantic and the

Meditenanean is the same as the Pacific germou. Specimens of the germon

and the common tunny of the Mediterranean were sent to me firom the

Zoological Station at Naples in 1914 on a German steamer; but imfortunately

the steamer was sei:zed in the Bed Sea and these specimens did not reach

me. Many authors seem to have confounded tliis species with other sjjecies of

tunnies with long jxjctorals.

Thunnus orientalis (SclJegel).

Kmisliilji, gotolisliibi, magiu'o, medi (immatiu-e).

Figs. 3, 21, 43, 44, 50.

T/iynnus orieittalb, Schlegel, Fauna Jajxin. Poiss. 94, 1802.

Orcymts schleijelii, Steiudachner A Doderlein, Fisch. Japon. Ill, 11, Taf. 3, Fig. 1. 1885.

Orcynus thynmis, Kitahaia, Journ. Fish. Bur. VI, 1, PI. 1 Fig. 1, 1897.

Tfiunnus scldegeU, Fujita. Otaki & Higiuashi, Fish. Japan, I, 21, PL 1905.

Thunmis orienldlis, lushinouye, Siii. Gak. Ho. I, 17, PI, 1, Fig. 9, 1915.

D. 13-15, 14, 8-9. A. 13-15, 7-8. GiU-iakers 12-13 + 24-26. Scales 230.

Body plump, broad, and the caudsil ix)itiou sharply tapering. Pectorals

short, scarcely reaching the origin of the second doraal, and tajjeriug gradually

towai-ds the posterior end. The height of the second doi-sal is longer tlian

that of the first, nearly equal to tliat of the anal ; but shorter than tliat of the

I)ectoraLs. Tlie latei-al line has a sharp and jieculiai' bend over the pectorals,

l)eiug lient suddeulj- upward and anteriorly alxsve the origin of the fins,

and then Ijent giadually dowuwai-ds and backwai'd again. Schlegel writes that

the eyes of this sj^jecies seem to te larger than those of the common European

tunny. In one year old fish, the eyes are larger, being contained ca 6 times

in the lengtli of the head, but hi a fish of ca 2 metres they aie contained

more tlian 8 times.
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The liver is nearly the same as that of the preceding species ; but the

margin is not much divided. Mne venules of the hepatic veia at the external

sui-face, and big masses of vascular plexus at the internal surface are found.

Aü"-bladder is tiiangitlar, pointed at the posterior end. It is nearly

sti-aight, thick, and veiy wide at the anterior end, occupying the entire breadth

of the abdominal cavity. Air-bladder of this species is however short, occupying

a httle more than half the length of the abdominal cavity. The external wall

is uniformly thin. The inner wall is finely reticulated. At the middle of

the roof of the air-bladder, there is a large round hole, which leads to an

accessory conical sac, extending from the hole behind to the posterior end of

the principal sac. At the anterior end of this upper accessoiy sac a vein is

found to pom- to fi'om a segmeutai'y veki. In immatiu-e tunnies the air-bladder is

short,. very narrow, and almost collapsed. The median part of the air-bladder

is vaidted, and at the anterior end the cavity has two shght swellings.

Kidneys are short, and are restiicted to the anterior part of the

abdominal cavity. In immatare forms they ai'e ling-shaped, roimd the pharyngeal

muscles, and terminate with a slender, short process just tefore the first

haemal process. In adult forms, however, the posterior portion is not well

developed. Ureters meet at the posterior end of the kidneys, or a little out of

it. Near the level of the 7th or 8th vertebra, uretere approach each other

towards the median hne, and unite into a common canal.

Venules to the cutaneous vein are arranged in two rows, and those of

the external side pass over the cutaneous ai'tery, wliile those of the interior

side run below the aiiery. These venules are formed from the imion of

many fine canals, forming the plexus round the dark red poition of the lateral

muscle. Aiierioles fiom the cutaneous artery are aiTanged in one row.

Oesophageal artery is found but very short.

SkuU broad, with convex lateral sides, and the broad and high parasphenoid.

Basispheuoid tldck. Alisphenoid extends downward at the median line. The

anterior margin of the suboporcle is more or less concave. This is quite

characteristic of tliis species.

The back is nearly black, especially at the anterior part of the body,

but the colour gi-adually changes to gi'eyish blue with metallic reflections in

the posterior paii. Bellj' gi'eyish with many colom'less transveree lines and
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rows of colourless dots in filk^niatioii. Tlicso lines jind series of dots iii-o

twenty or more in nuiiil)or, and tliey nro nenvly vertical in yoinij^ sjKjciniens,

nmoiup; tlirongli fi'om tha back to the lH3lly ; hut they bend gi-aduall>- biu-k-

ward tiwards tlie ventral median line as tlie fish grows. At fiist only colourless

lines make their appearance, and afterwards series of dots arc intercalated

between them. Moreover the lines ai'e also divided into dots afterwards at the

belly, and they disappear gimliially from the back. Tlie dots are iniegitlar

in aiTangement ia the caudal region. First dorsal gi'oyLsh, second doreal

greyish with yellow tip, dorsal fiulets j-oUow, and the anal and anal finlets

silveiy. Pectorals neaily black, ventrals greyish. Ks golden yellow.

Flesh is dark reddish, comparatively firm, and not very oily. It is

superior in quality, especially in cjlder mouths, and is much esteemed. Two

year old fish are called " mecli," and are much valuefl by epicurians. It is told

that in and after the spawning season the flesh is often mottled with darker

spots and is much inferior in quality. Such flesh is distinguished by the name

of " azuMmi ", meaning red bean flesh.

Tliis species attains a gigantic size. !\L\ Hideo Suzrici told me tluit

two Lu'ge tunnies, each weighing about 375 kg were caught in a pound-net

near Odawaiu in 1913. These were exceptionally large. Tmmies weighing

more than 150 kg are considered pretty large in general.

This is the most common species of our tunnies, widely and abimdantly

disti-ibuted in our watera. It is easily distinguished from other timnies by its

small eyes, short jTectorals, sharply bent lateral line, triangular air-bladder,

finely striated liver, white markings in tlio l>elly, 3-ellowish finlets without

black margin, etc.

In winter tliis species is foimd in tlie sjuthern part of our coast, as hx

south as 32° N. Not found near the Ryukyu Islands, Taiwan, nor Ogasawara

Islands. In summer tliis tunny inigi-ates northward as far as about 46° N.

In winter the tiuiny fishing is actively pui-sued on the Pacific coasts of south

and middle Japan, by means of long lines on or round deep, off-shore

banks, and on the northeastern coast of Hondo by meaois of drift nets. In

summer this tunny is caught on the Pacific coast as well as on the Japan

Scix coasts of north Japaai by means of pound-nets. Only a few examples

ai-e caught on the east coast of Chosen. Found in waters of 5-20° C, and
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most abundaiit ia waters of lO-lS*^ C. Tlius tLe optimum temperature for

tills s[5ecies is lower than that of the other tiumies iu om- watei-s, as well as

that of the common Atlantic tunny.

When albacores or sjoear-fishes l:«giu to l)e caught, tliis timuv's season is

nearly over. It feeds on different kinds of fish, more or less jjelagic in habit,

such as sardine, anchovy, flyiug fish, scad, sand-eel, etc. ; but sometimes fishes

li^ing near the bottom are found iu the sto:uach. Calamaries and pteropods

;

Pyrosoma : pelagic crustaceans, such as Ev/phausia, Sergestes, AcantJiepkyra,

larvae of Brachj-ura and Stomatoix)da, anomalous Ampliipoda, etc. are also

found in the stomach.

Tliis sjiecies is closely alhed to the Iilue-finned tuna or leaping tuna of

the Californian coast, but differs fi-om it iu the colour of fins, and in the mode

of ramification of canals of the cutaneous blcod-vessels. A similar or the

same species is said to inliabit the Hawaiian watei-s ; but I have not yet had

a cliance to investigate tliis.

Tunnies are migratory, Imt they resort and seem to stay for a wliile at the

tap of deep banks, often 200 m deep. In the vicinity of such banks tunnies

seem to find plenty of food. Tlie presence of tunnies in deep water is often

detected by fishermen from the lJella^^or of sea-gulls, flying fast in a lauch

dLs^jersed wide cii'cle, or fi'om cncular or oUong waveless s^xits, ca. 1 m in

diameter, produced for a tiree at the surface of the sea. Tliese spots ai"e

called "nagi", meaning calm, waveless, and are Injlieved l\v fishermen to

come from the oil of fish devom'ed by tunnies ; 1 uit as tunnies mostly engulf

their prey in totu, and moreover as I did not oljserve any glittering iridescence

in these spots, the explanation is not satisfactory.

Tunnies are devoured by kUler-wkiles which are said b.) catch them

nt the na^De and kill them immediately, so tliat they fear killers so greatly

tliat they are fi-ighteued away seieral miles from the spot where tliese ferocious

enemies are foimd. Thus catches made by pound-nets vaiy greatly according

to üie feivoittable or unfavourable proximity of Idllera. Sometimes tiumies leap

on l)eaches recklessly to escape horn these enemies.

In their northerly migi'ation tunnies swim quite near the coast, and are

caught iu jwund-nets, wliich are set iu a deioth of about twenty meti-es.

Small fish of about 25 cm, weighing ca. 20 g in weight are caught
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with IV k1 aud line late iu summer. Sudi iminntnre fish are called " imosliiln
"

in Miyazaki-kcn. Still smaller fish are called " kakinotaue " iu Ivaiiaf^awa-

keu, and "abiikj" or " bints ;i " iu Mije-keu. These immature fishes are

fmnd in assiwiatiou witli Aitxis, feeding chiefly on peliigic cn'usta(«aas. These

immature fish gi-ow to a length of ca. 40 cm, weighiug ca. 1 kg in wiuter,

and in the next summer 2-3 kg in veiglit.

In summer, June and July, the reproductive glands ai*e very large, and

the fi.sh swarm uejir the snrfiwe of the water, <jften siiowing their dorsal fins

out of water. This is the case in the northern parts of our waters, Iwth on

the Pacific jind Japan Sea coasts. These raatm-e fishes are iissociated with

iimnaturo fishes. I have, however, not yet examined a tunny with fully ripe

reproductive elements, and in August tlie reproductive glands are found spent. So

that we are inclined to l)elieve that the tunny spawn in of&hore watere. OlTthe

southern part of Kyushyu aud also ofi" the Pacific coast of the centi'al part

of Hondo, we find small immatm'e tiuniies in summer and autumn. In these

watei-s the common tunny with ri]^ie reproductive glands is not known. But

it is difficult to l)elieve tliat those immatm'e fishes migrated fi-om the nortliei-n

waters.

Timoies are cjiught more uii dark nights, and Ijefore a storm. When tlie

weather is warm witii a southerly wind, tunnies come near the surface of

the water, and a good catch by drift-nets is expected. On a dixy of northerly

wind drifters do not go out fisliiug. Tliey are said to swm against the

(Min'ent, espacially when they are near the coast, hence they enter l)ays or

inlets iu low tide and seek ofi'-shore groimds iu high tide. Tunnies dislike

a water of a low density-, so that they do not approach the coast on a rainy

<Uy, nor approach the mouth of a river. They are found in a water of ca.

1.024-1.025 in deusity.

It is said tliat when a shoal of timnies is frightened at sometliing ahead

of them, every tunny of the shoal turns back immediately just at the spot

where it happens to I)e. Tlius tlie liindermost fish lead the schrxjl when

i-etiring. In 1921 a few immjitm« tunnies were caught off Sendai in set-nets,

at a depth of ca. 300 m. Tlie nets were for a kind of deej>-sea shai'ks. These

titunies were prolmbly entangled, wliile tlie net was Ijeing hauled in, or when

letting it out in the sea.
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This species seems to descend to a depth of about hrtj metises below the

surface of the water.

Genus Parathunnus gen. nov.

Cutaneous blood-vessels are found from the myotome of the seventh vertebra

backward. The posterior cardinal vein does not communicate with the

Cuvieiian duct directly. At the margin of the exterior surface of the liver a

few short venules are fuuud. On the internal surface of the liver, conic.d

masses of plexus of venules only are found, arteries not being divided in the

masses. The right side of the stomach receives an aiteiy from the right dorsal

branch of the coeHaco-mesenteric artery.

Parathunnus mebachi (Kisliiuouye).

Mebachi, daramasliil )i, hirasliil.«, mebutj.

Figs. 4, 22, 47, 49.

Orcymis stbl, Kitahara, Journ. Fish. Biir. VI, 1, PI. 1, Fig. 2, 1897.

Thunnus mebachi Kishiuouye, Sui. Gak. Ho, I, 19, PI. 1, Fig. 11, 19i5.

D. 14-15, 13, 9. A. 13, 9. Gill-mkers 8-10 + 18. Scales ca. 190.

Body very bivjad, the caudal portion short, and the head and eyes lai'ge.

The dorsal outline of the body is much curved ; but the venti'al outline is much

more cm-ved. Scales in the coi-selet very large. Length of the head nearly

equal to the height of the body in young specimens, but it becomes a httle

shorter in old indi%'iduals. The anus is nearly in the middle lietween the

snout and the end of the caudal fin. Scales lai-ge ca. 190 in the lateral line,

which lias a gentle, wavelike elevation above the pectorals. Pectorals are

long, gradually pointing towards the distal end. In lai'ge sixK-imeus they

scarcely pass beyond the origin of the second dorsal, luit in small

sjxK'imens ca. 1 m in length, they reach the first dorsal finlet, and the vertical

passing tlu-ough the middle of the anal. Second dorsal and anal are only a

little higher than the first dorsal, and they are comparatively narrow and

falciform. The caudal fin is widely expanded, wider than the height of the

body. Posterior portion of the first dorsal has the convex outline generally.

Air-bladder well developeil. It is divided into two heads at tlie auteiior

end, which lie on both sides of the dorsal aorta and between the phalangeal
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rartscles and eutaucfnis arteries. lüduej-s are prolonged iK)steriorly to the

segment of the thii-tecutli vertohra. Ureters of lx)th sides mu side by side in

the naiTow ^xirtion of tlie kidneys, and become ooufluout jiist at tlie posterior

end of tliem.

Venules to tlie cutaneous vein are an'angcd iu two alternate rows. Those

of the exterior side pvss owy the cutaneous artery after joining many minute

canals iu tlie chiai plexus, and those of the inferior side unite to the cutaneous

vein, just after joining minute canals. Aiierioles from the cutaneoiB artery

are aiTanged m two rows, one row on the remotest side from the iiccom-

jianying cutaneous vein, the other on the nearest side to the vein. Aiterioles

iu Üie foiTuer row arc neai'ly twice more numerous, but small ei' than those

in the latter row. Thus two sheets of vascular plexus ai-e foi'med from

groujis of the two rows of both aiterioles and venules. Cutaneous arteries are

sent from the dorsal aoitii just Mow the eighth vertebra. Tlie posterior

cardinal vein is insignificant. Segmental veins in the ijrecaudal region and

iu some anterior caudal segments runnitg towards the vertebral column are

divided up into minute vesseLs there. Venoiis blood from these vessels seen

to be taken up by capilLiries of tlie dark red portion of the lateral muscle.

Intestine longer than in the other Japanese timnies, the third bend of it

i-eachcs nearly the fii-st. Tlu'ee lobes of the Uver are thick, and tiiangular.

Only a few, short, sparingly branched venules on the external surfiice of the

middle and left lobes. Bulbous masses of vascular plexus ai'e found on the

inner side of the Hver. These masses are slender and elongated, as the

aiieries in them take no part in the formation of the plexus, but run through

them nearly straight.

Preopercle higher tkau broad, and the intero^^ercle is nearly as high as

broad. Haemal spines iu the precaudil region ai-e mther long. Pai-apophyses

well developed, long, flattened at the distal end. They ai'e directed downward

fi-om the ninth vertebra, and form the haemal arch from the tenth vertebra.

Caudal vertebrae not so weD developed as in other tunnies.

Back nearly black to greyish blue, sides silveiy, and the iris silvery with

bluisli tint. Dorsal fins greyish, tingetl yellow at the mai^in or the tip,

finlets yellow. Pectomls are black at the doi-sal side, but greyish at the

venti-al side, and the tip is sometimes washed witli yellow. Ventrals are
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greyish and tinged with yellow, while the anal is white with the yellow tip.

Anal finlets ai'e greyish witli yellowish margin. Iq young specimens under

7.5 kg in weight, the sides are greyish with a few colourless hnes and series

of colourless dots, nmning transversely.

The flesh is pinkish in colour, rather soft, especially in yoimg individuals.

Thus tliis species is considered a httle inferior to the cormnon tunny.

Very voracioua fish, feeding on sarnies, bonitos, luminous fishes, such as

3Iaurdicm, and allied kinds, cuttle-fish, and Aauphipoda, Sergeäes, .Acan-

t/iepJiyra, etc.

This species lives in a deep layer of water, ca. 20-120 m below the

surface, 13-25° C in temperature, in offshore waters. Nortliern limit of

distribution is ca. 36° N. Caught at the southern coast of oiu- coimtry and

also at the Ogasavvava Island?, Ryiikyu Islands, and Taiwan. Not yet known

fi'om the Japan Sea. In 1920 I observed a similar or the same species at

the market of San Pedro, but as I did not examine the anatomy in detail, I

can not tell exactly to which species it belongs. The broad body, the form of the

liver, hepatic venules, etc. were nearly the same as the Japanese species. Japanese

üshermen say that this species occurs in Hawaiian waters too. Prolably widely

distributed in the deeper layer of the subti-opical region of the Pacific Ocean.

At night the fish seems to come near the siu-face, as do other species of

timnies, and on moon-light nights catches are generally good.

The fish gi'ows to a total length of ca 2 m with a weight of ca 86 kg.

Fish of ca 70 cm is the smallest fish caught. I found skeletons of small

examples, ca 30 cm in length in the stomach of a NeoHmmmsJiuicropierus,

ciiught near the Ogasawara Islands in January 1919.

HiKOKATA YASfflRO (78) is probablj' the fii-st author who has written

about this species, distinguishing it from the other species by the larger ej-es.

Well known aitthors aftor him mention this sj^ecies in theii* list of fishes. Thits

tliis species seems to have been caught in our country frijm about the liogiu-

ning of the nineteenth century.

Though this species has many distinctive charactei-s, it is rather difficult

to identify it, especially when there is no other species to comimi'e with.

Sometimes we receive reports that tliis species has been caught in poimd-nets

;

but we are inchue<l to doubt the acciuracy of the reports, as it is, so fai* as we
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know, ])ebif!:i(i nud does nut a])])roiu'h the coast.

KrrAHARA (48) ideutifitxl tin's 8])ecie8 with Tliifnnm aild of S:hleoel

(67), but the latter author wiitea that the species is very :common, during

sujumer months, and is caught in hundreds at a time by means of nets of

large dimension. This statement is not jKleqnato for tlie ])rcseut species.

Moi*eover there are no decisive charmiters in the descri])tion by Schlegel, except

the long jiectoraLs and remarkable height of the Ixxly. Probably ScHLEGEr. con-

founded this species with NcoÜnmnmmacropkrvs. CUNNiNonAJr (10) considers

this sixxdes to l)e identical with Thijnnus ohesiis Lowe of tlie Atlantic; bnt oiu-

si)ecies diflers from the latter in the colour of the second dorsal, and the anal

at least. Accoi*ding to Cunningham these fins have " some black at edges,

but httle or no 3-ellow." The descriptions of Thynnns ohesus by Lowe (52)

jvs well as Ccnningham are veiy incomplete. It is allitnl to the prtsent

species in having large eyes, and a short, thickset figitre. But as the other

important stnK^tnres of Thynnus dxsns Lowe are unknown, it is im]K)Ssible to

ascertain the relation between these two species.

liecently the catch of tliis species is s.-ud to bwe much increased, due to

the use of long snootis among snaxls of normal length on a long line. The

lower end of these long snoods will hang in a layer of water, deejjer than

57 m under the sm-fac« of the sea. At present this sjiecies is very (»mmon

in the groimds ueai- the mouth of Tokyo Bay.

Genas Neothunnus gen. nov.

Cutaneous blood-vesi3els are found fi'om the segment of the seventh vertebra.

Posterior cardinal vein is united to the right CuvierLiu duct, and the former

vein is connected with a plexus of blood-vessels in the haemal canal, so that

the haemal arch is remarkably wide. The first haemal arch is found in the 11th

vertebra. On the exterior surfiice of the liver we find no juinute veins.

Caudal vertebrae elongated, and accordingly the caudal portion long.

Key to the the Jaimnese species of the gemis Neothunnus.

Air-bladder present, second dorsal und anal much elongated A", maaroplerus.

Air-bladder absent, second dorsal and anal slightly higher than the

first dorsal X rarus.
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Neothunnus macropterus (Sc^ilegel).

Kihfita or kiwada, gesunaga, hasliibi, hatäu, liirenaga, itxishibi,

kioliii-e, kiruedi (immature).

Figs. 13, 19, 23, 45, 51.

Thynnvs mna-opteiiis, Schlegel, Fauna Jajjon, Poiss. 1)8, Tab. 51 ; Day, FLsb. lodia, 253,

1802.

Orcynus macn-npteriis, Kitabara, .Journ. Fish. Bur. VI, 2, PI. 2, Fig. 3, 1897.

Gemio marroptenis, Jordan <fc Stale, Bull Bur. Fisb. XXV, 228, 1!)06.

Tliunmis inacroptei-^is. Kisl inouye, Sui. Gak. Ho, I, 19, PI. 1, Fig. 12, 1915.

D. 13, 14, 9. A. 14-15, 8-9.' Gill-rakers 9 + 21. Scales ca. 270.

Body fusiform, elongated, bead small, and the caudal portion long.

Scales minute. Pectorals long, pass beyond the origin of the second dorsal,

their dorsal and ventral outlines are nearly jDarallel to each other, and are

connected by a short obhque side near the distal end. The second doi-s.il and

the anal are much elongated, especially in a variety named itoshil.)i or

gesunaga, the tips of these fins are whitish and reach to the base of the

caudal. So far as I have examined there is no marked diflerence in anatomical

stiTicture between the long finned variety and the ordiuaiy form, except in

the leng-th of the second dorsal and anal fins.

No venules on the sm-face of the Hver, the left lolje of which is sometimes

divided into two, and the right lote is longer than the other. Pyloric coeca as a

mass is shorter than the stomack Intestine rather short, the third tend

scarcely reaching the middle l>etweeu the first and the second. The rectum

is also short. Aii-bladder naiTow and long not di-vided at the anterior end.

Thick strong connective tissue protects the venti-al ijai-t of the air-bladder.

Venules to the cutaneous vein are arranged in one row on the side

towards tlie lateral median hue. These venules run over the external side

of the cutaneous artery, after uniting many fine venules. Arterioles from

the cutaneous aiiery are arranged in one or two alternate rows from the

side near the lateral median line. Cutaneous blood-vessels are found at the

surfiice of the lateral muscle tehiud the origin of the first dorsal. A cutaneous

vein on each side of the body jwurs separately to the Cuvieriau duct of the

respective side, or is imited to the cardinal vein below the ninth vertebra,

and in the kidneys. The cardinal vein joins the right Cuvierian duct. In

the haemal canal the cardinal vein is united with a plexus of short transverse
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^euulL•s funuiiig 11 iWk red rod uf pkxus witli siinilar nitoriulcs from the

dorsiil aorta. It is reumrkable tbat tliis rod of Aiisciilnr plexus is fouud iu the

tuuuies which waut the couical vascular plexus ou the inner side of the liver*

Kidueys are much elongated posteriori}-, reachiuj.; to the segment of

about the fifteenth vertebra. Ureters ar(; united forming an acute angle

under the thirteenth vertebra, and the common ureter is fouud behind the

vertebra. Thus the uretera are shajxxl like tlie letter 1'.

A'ertebml column i-ather slender, and the second vertebra is nearly as

high as broad. The jx^sterior caudal vertelirae are remarkably elongated.

Parapophyses long and flattened They become more or less vertical in the

eighth vertebra, turned downwards iu the ninth vertebra, and an ai'cli from the

eleventh veiiebra. Haemal canal wide, especially in the precaudal region,

whei-e the breadth of the cavity is nearly equal to that of the middle jmrt

of the respective vertebra. In one specimen I foimd the dorsal and venti-al

spines of the 36th vei'tebra short and nearly horizontal, instead of long and

covering those of the next vertebra.

The colour is nearly black at the back, sides gi'eyish ^\ith oblique

transvei-se lines and series of dots of silvery white iu alternation. Iris gi'eenish

yellow ; first doreal greyish tinged with yellow ; tips of the second dorsal and

dorsal finlets bright yellow ; pectorals black on the inner side, greyish or same-

times yellowing on the outerside ; veutijils gi'eyish, tinged with yellow ; anal

and anal finlets Imght yellow.

Distribution very wide, found in the Indo-Pacific region. Prefers warm

water, 15-25^ C mostly in the water of ca. 20° C. Northern limit of the

distriliution is ca. 35° N, but sometimes fognd beyond 40° N. Occasionally

found in the Jajjan Sea, and is caught irt Hokkaido, near Otaru, late in

simimer. Foimd in the Hawaiian watei-s and south Califomian coast.

Large specimens measure more than 7 ra iu length, and ca 200 kg in

weight, next in size to our common tunny.

They swim near* tlie surface of the sea, esiDecially iu summer, and

closeh' approach the land ; but small immature fishes Civ. 2 kg in weight are

alwa^-s in the oft-shore grounds, accompanying a school of the strijDed bonitos.

L.-arger ones are caught by troll-lines, long Unes, drift-nets, circle nets, ix)imd-

nets, set nets, etc. Smaller ones are caught with rods and lines, circle nets.
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more thau 7 m in lengsh, and ca 200 kg in weight, nex in size to our common

tunny, etc. The variety called gesunaga is said to be shyer than the ordinary

form, not easily biting hooks, though it swims very near by and often t mches

tliem. The longer-finned variety is said to be plentiful iu autumn.

The flesh is beautifully piakish, firm, and its taste is excellent. Mostly

consumed fresh, lieing much esteemed for "sashimi". Many immature fishes

are used for making " fushi " by smoking and drying after boiling iu water.

They feed on flyiag fish, coÖer-fish, some deep-sea fish, calamaries, pteropods,

heteropods, Hyperina amphipods, Squillas larvae, and immatuie Squilla,, mega-

1 )pas of ci"abs, etc.

The spawning season of Neofhunnus macropterud is not yet known. Some

specimens examined in autumu at Kyushyu are said to have contained large

ovaiies.

This species is allied to Thynmis albacora Lowe, so far as its external

characters are concerned, so that Günthek and Cunningham consider the

former to be identical with the latter; but as in the case of the other exotic

species the anatomy of T/mnmis albacora has been little studied, therefore it

is impossible to determine the question.

Neothunnus rarus (Kishiuouye).

Koshinaga, bintsuke, hashibi, seiyoshibi, shii-oshibi, tongari.

Figs. 24, 48, 64.

Thunnus rarm, Kishiuouye, Sui. Gak. Ho, I, 2S, PI. 1, Fig. 13, 1915.

D. 13, 14, 9. A. 14, 8. GUI-rakers 5-6 + 15-17. Scales ca. 220.

Body broad, head and eyes oömparatively small, snout short, and caudal

I)3rtioü elongated. Scales minute. Ciu've of the lateral line above the pectoral

very gentle. The number of gill-rakers is minimum iu our Plecostean fishes.

Pectorals broad, lanceolate, scarcely reaching to the vertical from tlie last

but one spine of the first dors:T,l. Second dorsal and the anal are a little

higher than the first dorsal.

Right lobe of the liver longest. Air-bladder absent. This is the only

kind of the Japanese tunnies, winch lacks it. The posterior eud of the

kidneys is very narrow and extends nearly to the segment of the fifteenth

vertebra. Uretere ai'e united to a common duct imder the 12th vertebra.
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Venules tj the cutaiieons vein are iinnnged in one row, fju the 8ide

towards the hiterul median line. These venules run side by side with tlie

arterioles, and are united t<-) a large vessel just Ixjfore joining tlie cutaneous

vein. The up^jer half of the diameter of the cutaneous ai-tery is concealed

under tlie cutaneous vein, and ai-teiioles from the cutaueoas aiiery are arranged

in one or two rows, and more numerous than the venules, am sent from tlie

exterior nuxlian line of the <nitaneous artery. A cutaneous vein on each side

of the body joins the canliual ^•ein below the ninth vertebm, and the cardinal

vein pfjius into the riglit Cuvierian duct. Each cutiineous vein sends a large

branch to the kidnej-s, l)efore joining the cardinal vein. Tliis is a renal

jxartal vein. ' In the luiemal canal a thick rod of plexus of transverse arterioles

»lud venules is joined. The diameter of tlie plexus is a little teoader than that of

the vertebra in the pi-ecaudal r^ion. The second branch of the coeliacomesenteric

aitery nourishes the right dorsal side of the stomach, spleen, and intestine.

Second vertt^lii-a wider than high. Ti'ans\ei'se ])rocesses are not well

develo^ied and are turnetl downwards from the ninth vertebra, and the haemal

arch is closed from the 11th vertebra, as in Neot/nmmts rnan-optervs.

Back grejish blue, sides silvery greyish with colöurles3 elongated spots

in about five longitudinal rows. Doi-sals, j^iectorals, and the venti'als l>lackish,

but the tip of the second dorsal and the anal is washed vdth yellow. Anal fin

silvery. Finlets, both dorsal and anal are yellowish with greyish margin.

Smallest tunny not only in our watere, but perhaps in the world. Fish

about 70 cm in length and ca 6 kg in weight is common. Such a small

tunny contained large and nesu'ly ri^» ovaries in Febraary. Fish-mongere told

me that a 12 kg fish is maximum.

Flesh is pale in colour, fatty and rather soft, but its taste is very nice.

Very limited in distribution. Found on the western and southern coast

of Kyusliyii and on the southwestern part of the Japan Seji. So far as 1

know, it is caught very near the coast, rather rare, and was quite unknown to

science, till I got it from the market of Tokyo m1913. People of the market

considered it as a variety of Ncothunnvs mncropterus. It Ls rather sti'ikiug tliat

this species remained unnoticed for a verj' long jieriod. In autumn a few

exjunples are said to be fotmd every day in the market at Nagasaki.

Caught in poimd-nets, and sometimes with rods and lines in littoral water
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in association with small bonitos.

This species feeds, S3 fai" as I know, on small fishes only; —one specimen

contained two mackerels in its stomach, the second specimen fom*teen examples

of Stdlepliorus glacilis, and the third three half-beaks and some anchovies.

On December 17th, 1918, one of this species was found dead on the

beach near the mouth of Gönokawa, the largest river in Shimane-ken,

probably scared by killer- whales or some other ferocious enemies.

Famüy KATSÜWONIDAEKishinouye.

KatsuwopMae, Kishinouye, 1917.

Body plump, rounded in cross-section, and naked outside of the coi'selet.

Lateral line without a marked undulation above the pectoral fin. Firet

doi-sal very high at the anterior end, becoming suddenly low behind. Second

dorsal remarkably lower than the first dorsal, and the anal and second doi-sal

are smaller than the ventrals. Pectorals very short and triangular. In this

family the haemal canal is closed behind the middle of the precaudal region.

Dentition weak, generally only one row of small teeth in both jaws. When

teeth are found in other bones, they are arranged in one row only, never

more. On the roof of the mouth-cavity no dentigerous calcareous plates.

Tongue smooth with a ridge on each lateral side. No air-bladder. Pyl inc

coeca minute, numei'ous, uniform in size, and developed on the terminal branches

of pyloric tubes, an-angea on both sides of the duodenum. The loose and

thick membrane sun'ounding the stomach in the Thunnidae is not found in this

family. Three lobes of the liver imequal, and generally the right lobe is much

elongated, except in the genus Katsuivonus. Intestine very short, without a loop.

Kectum is nearly the same in length or a little longer than the remaining part

of the intestine. The longitudinal folds of the internal layer of the duodenum

extend to the straight small intestine, just to the beginning of the rectum.

The circulatory system which is related to the formation of the dark red

portion of the lateral muscle, differ more or less fi'om that of the Thunnidae.

In the present family the cutaneous blood-vessels are also two in number, on each

side of the lateral median line ; but the hypaxial vein is divided to renal portitls,

and the hypaxial artery passes through the kidnej-s, taking a slight downward

coui-sc, and runs backward anterior to and above the series of the ribs. Except
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ID tbe case of the genus Katsuioomts, tlio hypaxial blood-vessels are much sinallei'

and shoi-ter than the epaxial, and the plexus of blood vessels suiTounding the dark

red portion of the lateral muscle are united to the epaxial blood vessaLs only. In-

deed the epaxial blood veasols of the Katsiiwonidae seem to correspond to the entire

cutaneoaq system of the Thunuidae, and the hypaxial vessels of the former seem

to l>e sui generis. The posterior cardinal vein joins the right Cuvierinu duct, and

joining this cardinal vein is a small renal vein. The iuterliaemal rod of the

vasciüar plexus atfciins the utmost development in Katsuiooims and Eulhi/nnns.

The rod is thicker than the diameter of the vei-tebral column, and is protected

by the bony trelhs formed by haemal processes of the colnmn, from the

enormous development of tlie inferior foramen. In the genus Avxis, however,

the interhaemal rod of the vasculai* plexus is very thin, and the inferior

foramen is formed in a few caudal vertebrae only, having no relation with the

vascualr plexus.

Kithieys much elongated. Uretei"s are nearly separate, ninuiug almost

pirallel to each other in the posteiior slender portion of the kidneys. The

spleen is smaller than that of tunnies and is situated at the anterior portion

of the visceral cavity.

In the hypaxal dai"k red portion of the lateral muscle, just Ixjlow the

series of intermuscular b.mes a laigo strong tendon fi"om the second vertebra

is sheathed with thin layers of some muscle segments, fi'om the myotomes of

the third and some succeeding vertebrae. Thus in each epaxial portion of the

lateral muscle two concentiic rings of muscle segments are foimd in the cross-

section. This is quite characteristic of the Katsuwonidae. The axial side of the

lateral muscle meets the axial skeleton in the epaxial as well as the hypaxial

jwrtion, and the dark red portion is more voluminous than in the Thimnidae.

Tbe vertebral column is very firm, light, and compact, allowing no lateral

motion. In anterior precaudal vertebrae the neural canal is separated from

the canal of the spinal ligament by a thin bony septum as in the Scombridae.

Neural process of the first vertebra is more or less united to the centinmi and

the posterior dorsal zygapophyses are very well developed in the vei-tebra.

Parapophyses are quite abortive.

Deutigeroas ossicles on the gill-arches are large and are arranged in one

row only. Internal gill-rakers are well developed.
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Long intermusciJfir bones on anterior precauflal vertebrae, which have

their distal end at the snrfat« of the body are found as far as the seventh

vertebra. From the eighth vertebra backward some long iutermiisctdar Ixines

are also foimd, but they are not ossified in the middle portion. Intermuscular

bones are well developed and are found on every vertebra, except those wliich

have the lateral keel, and behind the attachment of intermuscular bone there

is a pointed tubercle in the vertebra.

External and internal portions of the clavicle are perpendicular" to each

other.

Below each eye an oval black spot is generally found. This colour spot

is distinct, especially in the genus Auxis.

Fishes of this family feed chiefly on small fishes and medium sized

plankton. They ai'e Uable to perish sooner than those of the Thunnidae.

Key to the genera of the Katsuwonidae.

The first dorsal is continuous to the second, a pair of foramen on the dorsal

surface of the skull, inferior foramen of vertebrae well developed, thus

the so-called trellis is formed.

Both epaxial and liypaxial blood-vessels under the akin are equally

well develoijed, teeth iu both jaws only, vertebrae '20-21 KatstMomis.

Hypaxial blood-vessels under the skin are atrophied ; epaxial blood-

vessels run just above the lateral median line of the body,

teeth in lx)th jaws, palatines, .and sometimes on the vomer too.

epihaemal spines well developed, vertebrae 20-19 Euthi/nnus-

The first dorsal is not continuous with the second ; no foramen on the dorsal

surface of the skull ; hypaxial bloodvessels xmder the sidn are atrophied

;

teeth in jaws only ; inferior foramen scarcely developed ; epihaemal spines

well developed, long ; vertebrae 20-19 Auxis.

Genus Katsuwonus Kishiuouye.

Katsuwonus, Kishinouye, Sui. Gak. Ho. I, 21, 1915.

Body plump, rounded in cross-section, and we find a few minute scales

scattered in the thick skin, outside of the coreelet. Teeth in jaws only, about

forty in each. Gall-bladder long, nearly free from tlie hver, and runs along

the dorsal side of the intestine.

The cutaneous circulatory system is unique. A pair of cutaneoiH ai"teries

branch just behind the insertion of the pharyngeal muscles as in the tunnies and

other bonitos ; but passing tlirough the kidneys the arteries tm-n outward and
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fonvjuxl, iusteaJ of turuiny more or less backward as in tlio other plecostean

fishes. Each ai'tery reaching to the myotome of the fii^st rib is divided into

two arteries, opasial aud hypaxial. The epaxial artery runs below the first

rib, while the hypaxial artery runs above the rib. These two arteries, are

nearly equally developed, aud arj separated from each other at a distance

of 6-8 times the breadth of the blood-vessels. These arteries do not form a

loop at the caudal region. The cutaneous artery and cutaneous vein lie

in juxtaixjsition, nearly flat at the surfiice of the body. Arterioles and venules

ct)nuccted with these cutaneous canids run in opposite dii-ectious, along the

surface of the body, and they are not so numerous Jis in the tunnies. The

rod of tlie fascular plexus in the haemal canal is called kurochiai by fishermen,

and it is thicker than the diameter of the vertebral column.

This genus is closely allied to the genus Neothunniis of the Thimnidae

and stands quite near the genus Euthynnus. Number of the precaudal vertebrae

coiTespouds to that uf Eufhynrms, while the number of caudal vertebrae is

equal to tlmt of the Thunnidae. Thus the total number of vertebrae is 41,

while in all the other genera of the plecostean fishes the number is always 39.

Only one cosmop<;>Utan species is known from the temperate and tropical

regions of the world.

Katsuwouus pelamis (linnaeus).

Katsuwo, magatsuwo, mandaragatsuwo.

Figs. 5, 14, 19, 25, 52, 57.

SconJtKr pelamis. Linnaeus. Syst. Nat. X, 297, 175S.

Thynnus pelamys. Cut. & Val., Hist. Nat. Poiss. VIII, 113, Tab. 214, 1S31 ; Scblegel, Fauna

Japon. Poiss, 96, Tab. 49, 1850; Günther, Cat. Brit. Mus. U, 334, 18G0.

Gymnosardn pelnmit. Dressier & Fesler, Bull. U. S. Fish Comm. VII, 436, 18S9, .Jordan

& Evermnnn. Fish. X. & SI. .\merica, I, SüS. 1896.

Euthyruius pelam'is, Tanaka, Fish. .Japan, I—X, 140, Pis. 37. 39, 40, 1912.

Kalsurconus pelamys, Kishinouye, Sui. Gak. Ho, I, 21, PI. 1, Fig. IJ, 1915.

D. 12-17, 11-14, 8. A. 11-15, 7. Gül-rakers 15-20+36-39.

Body plump, sharply pomted at both ends. Lateral line slightly curved

upward atovo the pectorals and lient below the second dorsal, and nearly

horizontixl in the caudal portion. Gill-rakers numerous, very thin, aud their

inner margin imdulating. The right lobe of the liver is small and slender.

Plexus of venules from the posterior cardinal vein forms a long continuous
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mass like a rod with the plexus of aiierioles from the dorsal aoiia to the

vertical of the ninth vertebra ; bub anterior to the vertebra the plexus is

discontinued and is divided only into small bundles of venules.

Kidneys are much elongated posteriorly. In the haemal canal, below the

vertebral column, there is also a renal body.

The back is dark bluish violet, with some transverse light coloured

markings, the sides are silvery with four or more dark coloured longitudinal

bands on each side. Dorsals, dorsal unlets, pectorals, and the anal are dusky.

Ii'is silvery, with a greenish shade.

The bonito lives in the clejir blue water of the Kuroshiwo, 20-30° ia

temperatm-e, and 1.024-1.026 in specific gravity. On the Japan ^a, this fish

is caught in small numbers, late in autumn or in winter only, there being no

special fishing for this fish. On the northeastern coast of Hondo, the bonitD

is generally caught in grounds very far from the land, 100-200 miles ofi". In

spring bouitos begin to migrate northward, and reach the ground oiF the

southeastern coast of Hokkaido in summer. Sometimes the fish makes big

shoals of several hundreds to thousands, and when they attack a school

of small fishes, such as sardines and anchovies, they surroimd the latter

till the victims form a dense si^herical mass. Then the bonitos feed gi'aduaUy

on the stragglers from the school, swimming around outside the mass.

Generally they feed on the medium sized plankton : —amphi}X)ds, SqiiiUa's

larvae and other crustaceans, pteropjds, heteropods (chiefl}- Atlanta),

calamnries, and immattn*e or small fishes, etc. According tj experienced

fishermen, bonitos are said to contain plenty of food in their stomach, when

they are caught in large quantities with rods and lines ; but «almost no trace

of food is found in their stomachs, when refuse to bite a hook. This

is true also of the tunny fishery by means of long lines. Though bonitos and

tunnies are very voracious and bite a hook easily and eagerly, especially when

they are in a h'enzy of competition to get as much food as possible, yet they

are coal and cautious when there is only a little food. .\nd in midsummer

when the reproductive elements become ripe, bonitos seem to fast. In the

water round Ryukyu and the adjacent islands we find small bonitos about 20 cm

in length in August, and in Jjuiuary I have obtained small bonitos ca. 30 cm

(without caudal) from the stomach of tunnies, caught near the Ogasawara
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Islands. These immatiivo fishes are very slender, have faint longitudinal colour

bands on the sides and the sooty belly. Tlieso fishes are most probably year-

lings, hatched late in spring of the piXHjediug year.

Bonitos are sensitive fislu«, Ijeiug fi-ighteuod «away when thi; wat..'r

is stained with blood, when a fellow fish is struggling furiously in a

net, or when a iellow fish makes a narrow escape from a net or a

hook. Therefore shark-fiühing witli a long line in the fishing ground

of the bonito is considered in several districts to be harmful to bonito-

fishing, as the death-combat of sharks is generally accompanied with

blood-shed, which scares the bonito away. Long lines for the bonito are also

believed to be injurious fi"om a similar cause. Drift net fishing for bonitos

and tunnies is also hated by the bouito-fishermon, as well as the circle-net

fishing for these fishes. Bonitos are very active and powerful, but they are

not tenacious of life aud can not withstand unfavourable conditions long.

Thus when caught in a drift net or a drift long line they very soon snecuiiib.

In this point bonitos seem to differ very much from tunnies.

Bonitos are very good swimmers, their velocity being roughly estimated

to be more than 25 miles an hour. They migrate in shoals in search of food,

and do not stDp at any particular spot for a long time, though they often remain

for a while round shallow banks in a warm clear water, as sevcrid kinds of

small fishes are always found in such places.

Bonito-fishing is carried on at the Psujific coast of our empire, in Hokkaido

in the north, as an important industry. On the west coast of Kyushyu and in

the waters roimd the KyukjTi Islands and Taiwan this fishery also thrives.

Bonitos are chiefly caught with rods and lines, alluring a shoal of fish with live

baits thrown from the boat, as the net-fishing is not suitable, owing to the

clearness of the water. Long lines are sometimes used. The snood is 3-4 m
in length and the disbiuce between two consecutive snoods is about 8 m.

These lines are slender and not very strong.

Bones of this fish are found in the remains of shell-mounds in the north-

eastern part of Hondo. In the " Yengishiki," a classical work on coroinonics

in the imperial eowrt, etc., compiled in 927, many kinds of food prepared from

the bonito are emmierated, and these articles were given as tribute to the go-

vernment and the imperial court. In an article in " Tsurezuregusii," a well-
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knowu Kterarv work b}' Kenko Yoshida at the time of the Ashikaga Shöguns,

it is stated that the Ixinito was Talued iu Kamakiu'a at that time, though it

had been condemned as an inferior fish in previous times. In the time of the

Tokugawa Shöguns, however, an extravagant price was jmid for an early ar-

rival of bonitos in late spring iu Yedo, as was the case with the mackerel iu Lon-

don informer days. Many short poems called " hokku," mostly sathical, were

written about the early bonito at the time, and many extraordinary tales

are still told alx)ut it. At that time the fish w-as eaten raw as sashimi.

Early iu summer the generative orgau of the l^onito is still small, and the

climate is not yet so hot as to cause quick puti'efaetion of the fish. Therefore

bonitos of prime condition were obtained in this season, and at this time the

fish was caught near the coast and was sent by express rowing boats, manned

by about ten men to each boat. Thus the gasti'ouomers of Yedo were able to

taste bonitos in a prime condition, and to enjoy the very rich flavour a few

hours after they were caught. At present touito-fishing is conducted in very

remote grounds only, and though caught iu early spring, the fish ai'e brought

to market, preserved iu ice, two or three days after capture. Consequently

their- choice flavour teing lost, early lx)nitos are nowadays no longer estimated

by epicuriaus.

It grows to a leugth of about one metre, generally 18 kg iu weight, rare-

ly 25 kg. SpawTuug seems to take place from May to August. Tuunies and

spear-fishes are eueuiies. Bhynchobotliriwn is inevitably found in the flesh of

the bonito, especially abundant in autumn. Bonitos caught in off-shore waters

contain a much smaller quantity of fat tlian those caught in littoral w^atcrs.

The flesh of bonitos is longitudinally cut into four pieces and then smoked and

dried after boiling in water. This dried article called " katsuwobushi " is a

necessary article iu our household, being used as a condiment after shredding.

Its annual production is ca 11,000,030 kg.

Genus Euthynnus Lütken.

Eutbynmis, Liitken, JIS. in .lorilan & Gilbert, Syn. Fish. N. America, 429, 1883.

Body plunjp, rounded, and naked outside of the coi-selet. Mouth rather

large, maxillary reaching the vertical from the centi'e of the eye. Teeth more

developed iu size and number tliau iu the other genera of the Katsuwonidae.
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They jivo fouuil not ouly in bjth jaws, but also on tiio pUntiiies nnd sm^-

tinies on the vunior too. Teeth on the palatines «re in single row. Tlie right

lolx' of the liver much elongated as in the gcnns Auxis. It is remarkable

that the chief cutjineons artery rans along the dorsal external side of the chief

cutaneous vein, quite cjntrary to the case in all the other forms of the j)leco3tean

fishes, and the dorsal segmental liranches of the chief cutaneous vein pass

over the accompanying artery, Mliich is a little more or less deeply iml^eddod

in the muscle. The degenerated hypaxial cutjineous artery lies ventral, that is

external and similarly to the accomptnying vein. Hypaxial, cutaneous blood-

vessels are bent in a zigzag line. They have no connection with the vascular

plexus, nourishing the dark red pji-tion of the lateral muscle. Tlie subspinal rod

of the vascular plexus is also well developed, bnt the rod is separated from the

vertebral coliuun hy the development of the epihaemal process, between the

vertebral column and the haemal canal. Tlius the inferior foramen is remarkally

larger than in the genus Katsuivomis.

Dark markings in the naked part of tlie back, and generally sume greyish

spots in the pectoral region abo^e the -soutrals.

Fishes of this genus attain about the same size as the striped bonito.

They are degenerated forms, derived from the genus Katmwomis. Voracious

fishes of temperate and tropical seas, not forming large schools, and often ap-

proaching the coast, until recently onlj- one species was known, but I have

fjund other two species in the Pacific, quite difiercnt from the Atlantic

si^ecies.

Key to the species of the genns Etiihynmis.

Vomerine teeth present.

Dark oblique bands on the back E yaUo.

Dark longitudinal bands on the back E. lineatus.

Vomerine teeth absent E. atteterata.

Euthyiinus yaito Kishinouye.

Yaito, hiragatsuwo, olx)sogat3uwo, segatsuwo, suma, uramawarigatsuwo, wata-

nabe, yaitopara, yaitosuma.

Figs, 2C, 54, 58.

Thyrmtis thunniTia, Sohlegel, Faiuin .Tnpon. Poiss. 95, Tab. 48. 1850.

.' nynnus affirds. Cantor, Cat. JIalay. Fish. 106, 1850.
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Eulhynnus yaito, Kishinouye, Sui. Gak. Ho, I, 22. PI. 1, Fig. 15, 1915.

D. 15-lC, 12-13, 8. A. 13, 7. GiU-rakers 8-10 + 22-24.

Vomerine teeth present. This character clearly sepai-ates this species from

the alHed s^^ecies of the Atlantic, with which it has Ijeen hitherto confounded,

as the presence of the vomerine teeth in this sjDecies had l^een overlooked.

Vomerine teeth are ari'anged in one row on a longitudinal ridge. Palatine

teeth are also on one row only. The upper jaw has 27-30 teeth, while the

lower has 24-27. Gill-rakers in this species are fewer in number than in the

allied species of the Atlantic. The latter has 11-28.

The cutaneous artery sends arterioles ft-om the inner and lower side in

one row, while the venules t^ the cutaneous vein are arranged in two rows,

alternate on the inner side. To the epaxial cutaneous blood vessels both the

upper and lower segmentary branches are connected.

Skull broad, its breadth is contained 11 in its length. The alisphenoid

and prootic meet, and form a bridge over the gi'oove of the prootic. Two paire

of the auxiliary intermuscular bones are fouml on the doi-sal surface of the

exoccipitals, one pair of which is situated just above the foramen of the spinal

cord, and the other at the lower end of paired vertical ridges continued from

the top of the epiotic. The supraoccipital crest is very broad, and its vertical

side meets the fused median ridge of the exoccipitals. In the specimen figured

in fig. 58 the caudal vertebrae are very long.

Back bluish black with many dark oblique bands. Belly silvery with

three or more gi-eyish spots below the pectorals. Fins black or gieyish, the

ventrals are jjartly black and fi'inged with chalk-white. Ii-is silvery with

beautiful reflection. A black s^wt under each eye.

Found chiefly in the southern part of our empire. The northern hmit of

distribution seems to be near Chiba-ken on the Pacific cjast. Lately Mr. K.

Nomura sent me a specimen of this species, caught near Tsm-uga, Fukui-keu

in October, 1921. This is the first specimen from the Japan Sea. Among

specimens of scombroid fishes from the Dutch Indies, kindly sent by Mr. Gobee,

I found three immature forms of this species, Imt the southern limit of dis-

tribution is not yet determined.

This species is rather rare, and is not found in schojls. As it approaches

the shore, a few examples are sometimes caught in drjig seines and poimd-uets.



COirPAE.VTIVE STl'DY OF SC01IBRI1ID FISHES. 459

Also caught with r<Kls uml liucs associnted with bonitos and imiriature tuuuies.

Voracious fish, foods ou small fishes and medium sized plankton. When

this fish encountere a school of small fishes, it darts into the crowd and scatters

them in the samo way as the polamids and tunnies.

This ilsh attains a tübil length of ca 60 cm, and a weight of ca 3.i

lig, but rarely a fish of one meti-c and more tlian 10 kg in weight is found.

Simwniug seems to take place about in May in Taiwan. A young speci-

men measuring 11.5 cm in length was captured near the mouth of Keeluug

Harlxjur, ou August 29, 1917. It is slenderer tliau the adult, and has about

a dozen dark transverse bands, more or less oblique. These bn,nds pass the

lateral line downwards.

Flesh more or less firm and pretty good in taste.

Thijmms affinis of Cajjtok seems to be identical with this species ; but as

l;e denies the presence of the vomerine teeth, it may 1« a difiereut specie?.

Moreover the colour of fins differs in T/iynnvs affinis. It is said that the

second doi-sal, anal, and their spurious fins are pale brownish yellow, edged

and washed with black; while the caudal is yellowish bufl", washed with

brownish in the centime.

Euthyunus lineatus Kishinouye.

Enthynnus lineatus, Kishinouye, Sui. Gak. Ho, III, 113, 1920.

This species was created on a single specimen from IMauzanillo, Mexico,

collected by Mr. Naotaro Ota, in 1915. It diU'crs from the other known

*;"

f
'•^

Fig. Z. Euihyrmus lineatus 1/4.
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species liy the presence of about thi-ee longitudiual cljivk lines or mtlicr

bands in the nsiked portion above the lateral line. One row of teetli on the

vomer and palatines as in Euthynnm yaito. In the new species the head is

larger than in the other species. The specimen examined is 48 cm in the

tjtal length. In the thoracic pirt there are some spots or rather veiy short

bands. Caudal portioii very slender and short.

Genus Auxis Cuvier.

Auxis Cuvier, Eegne Anim. U, 119, 1829.

Body rounded in cross-section, fusiform, and more elongated than in Ka-

suwonus and Euthynnvs. Caudal portion remarkably short, while the precau-

dal portion h very long. Snout short, mouth small. Teeth in both jaws only.

Fins small, especially the second dorsal, anal, and caudal. Postenor portion of

the first dorsal has disappeared, and the fiu is nearly triangular in sh;\pe,

and is not continuous to the second dorsal. In the median prolongation of the

corselet, we find no indentation at the ventral margin behind the pectorals. Later-

al line slightly curved with small undulations. Tongue flat, smooth, and silvery.

Basioccipital together with the parasphenoid form paired horn-like process-

es behind to support the first vertebra above. Esoecipitals fused to one piece

of bone, with a prominent dorsal median crest, just l)elo\v the supraoccipital

crest, thus afibrdiug a strong hold for the insertion of the lateral muscles.

Deep transverse depression along the suhire between the prootic and jilisphe-

noid, corresponding to the ventral gi'oove in the optic lobe of the brain. At the

anterior border of the depression the alisphenoid is produced to a shelf to

pai-tly cover the depression. Pterotic process long and broad horizontally. The

sphenotic does not appear in the dorsal side of the skull. Antero-suj^erior

corner of the subopercle produced. One pair of ausiUary intermuscular bones

on the coalesced exoccipitals, just above the foramen for the spinal cord. Some

intermuscular bones behind that of the 8th vertebra are divided into two por-

tions and are connected by a ligament.

The first vertebra is not closely coalesced to the skull, and the upper

posterior zygapophyses are long and large for the attachment of the clavicular

ligamoait. The neural proce33 of the first vei'tebra is weak and small. In tho
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second vertebra the neural process and the lateral transverse processes are rc-

luarkjxbly large. Tlie former is for the attachment of the muscle of the firet

dorsal, and the latter for the attachment of a pair of strong tendons froiu the

centre of paired small cones of myotomes. First three vertebrae have a pair of

strong ridges or pillars at the ventral side respectively.

The centrum of the succeeding vertebrae is shaped like an hourglass, as

longitudinal ridges are scjircely devolojjed in them. Lateral keels are more or

less developed in the majority of the caudal vertebrae, though many of them

are not developed aloug the whole length of the side. In the precaudal ver-

tebrae, ventral processes arise from the anterior end only, and they are united

into a median rod, the epihaemal process of some length. At the distal

end the rod is separated to parapophyses. The haemal arch and haemal spine

are found in caudal vertebrae only. The epihaemal proc3SS is turned more or

less forward in the caudal region as well, while the haemal processes are

turned backward. Both neiu-al and haemal processes from the vertebrae, with

the exception of some caudal ones, are laterally compressed. Even in the first

caudal veiiebra, the epihaemal process is more or less turned forward and the

process of that vf-,rtebra makes nearly a right angle with the haemal arch.

The so-called trellis formed on the ventral side of the vertebral column is scar-

cely developed in this genus. Spnrious interneurals are found between the two

dorsals.

E^jaxial cutaneous blood-vessels run near the lateral median h'ne, and are

united to segmental branches of bjth epaxial and hjpaxial sides. These blood-

vessels form sheets of the vascular plexus round the cLirk red portion of the

lateral muscle, as the hypjixial cutiuieous blood-vessels ai-e atrophied as in the

genus Evihynnus, and take no part in the formation of the plexus. The rod

of the vascular plexus between the parapophyses in the precaudal region and

in the haemal canal in the caudal region is thin and much degenerated.

The dark red portion of the lateral muscle the chiai is broadest near

the vertebral column, as the chief axial blood-vessels are fcir removed from

the latter. A comimratively large portion of the lateral muscle is coloured dark

red. Besides a concentiic sheath of muscles round the strong tendon from the

second vertebra, there is another smaller concentric sheath of muscles round an-

other tendon on the external side of the anterior part of the cutaneous blood vessels.
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The dendritic coui^se of the hepatic vein may distinctly be seen on the

exterior side of the liver. The right lobe of tlae liver is exceedingly long, the

other lobes are short and rather indistinct. The mass of the pyloric coeca is

nauch shorter than the stomach. Kidneys are elongated. Two ureters are sepa-

rated and open at the dorsal, anterior end of the bladder. Sexual gland when

ripened develops backward along both sides of the thick row of interspinous

bones of the anal fin. This is due to the narrowness of the abdominal cavit^'.

The back is dark greenish, it becomes dai'k bluish after death. Several

obHque bands in tlie scaleles3 part above the lateral line. Eelly suvery, with

irridescent reflections. Oval dark spot below each eye.

Very widely distributed in the temperate and tropical waters. In warm

seasons the fish approaches the shore, often in large schools, and is caught

with seines, pound-nets, drift nets, rods and lines, etc. This fish is also found

in the Japan Sea. It swims in the deeper strata of water in cold months, and

disappears in winter from our coasts.

Very small in size, generally ca 30 cm in length.

The fish feeds on small plankton and small fishes, such as Athcrina, Stole-

pIiGTUS, Spruttdloides, immature forms of Engraidis, etc. It is inferior in taste,
'

as it is coarse and moreover very perishable.

In cm- waters there are twt) different species of fish belonging to this

genus. They resemble each other so closely that they have long been con-

founded by naturalists, and were considered to be the same species as the

Atlantic congener.

Key to the Japanese species o£ the genus Auxis.

Body more or less compressed, only a few scales are found on both sides of

the lateral line in the posterior part of the body ; inferior foramen

present in the last two vertebrae with the epihaemal spine (26th and 27th) .4. hint.

Boily nenily rounded in cross-section, several rows of scales on both sides uf

the lateral lint-, no inferior foramen in the vertebrae with the epihaemal spine.. .A. maru.

Auxis hira Kishinouye.

Hiramodika, hiragatsuwo, hirasohda, obosogatsuwo, sliibuwa,

soma, suma, etc.

Figs. 55, 59.

Auxii hira, Kishinouye, Sui. Oak. Ho. I. 21!, 1>1. 1, Fig. 16. 1915.

D. 10-11, 12, 8. A. 13, 7. GUI-rakers 9 + 30.
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lj<j(Jy Uioiv or k'ss coiupiesscd, its lieigLt is uearly uijuul txj the loufjtL of

the head. Middle limb of the corselet ends a little Ixjbind the pectoral, and

one or two rows of minute scales are foui;d on »,'ither side of the lateral line.

The hjpaxial dark red portion of tlie lateral muscle is larger than the

epaxial. Myoton es of some body-segirents seem to be subdivided in the dark

red portion.

Long intermuscular bones, the tips of which are found to reach the surface

of the body to the 11th vertebra, and the last four of them are not entirely

ossified, leaving the middle part fibrous. Tiie lateral process of the second

vertebra is longer than the vertebra iteelf. The haemal arch of the firet

caudal vei"tebra is bent with a more or less obtuse angle. In the 23rd and

some succeeding veitebrae there are paired downward processes from the end

of the haemal process, and these processes nearly reach the origin of the haemal

spine of the preceding vertebrae.

This species is very widely distributed. Its northern range reaches to Hok-

kaido and is known fiom the coasts of the Japan Sea, Korea, Ogasawaro Is-

lands, Kyukyu Islands, Formosa, etc. Caught in large numbers in soutliem

regions.

This species grows to a weight of ca. 1.5 kg.

Seems to spawn in smnmor. Iteproductive elements are nearly ripe in

August.

This species is not so numerous as the other but the flesh being firmer

is superior to the ether iu quahty.

Auxis maru Kisliinouye.

Marumedika, chilx)h, daiuanpo, magatsuwo, manba, mandara, marugatsiiwo,

nodogiuro, rohsoku, subota, uzuwa, etc.

Figs. 2, 15, 27, 56, 60.

? Auxii tapeinosoma, Bleeker, Verb. Bat. Gen. XXVI, 98, Tnb. 7, Fig. 1, 1854-57.

? Scomba- ihaiard, lÄJepede, Hist. Xat. Poiss. in, 9, 1802.

Amis rorhei, Kitaharn, .Journ. Fish. Bur. VI, 3, PI. 4, Fig. !), 1897.

Awlv mar», lushinouye, Sui. Gnk Ho, I, 24, PI. 1, Fig, 19, 1915.

D. 9-10, 11-12, 8. A. 13, 7. Gül-rakers 10 + 36.

Body fusiform, nearly rounded in cross-section, and its height is smaller
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than the length of the head. The middle limb of the coi-selet is prolonged

backwai'd nearly the eutiro length of the lateral line.

The dark coloured portion of the lateral muscle is nearly equally lai"ge in

the hypasial and epaxial portions.

Depression aloug the suture between the prootic and the alispheuoid is

sharply defined and naiTow, and the shelf at the anterior border of the de-

pression is obsolete. Only two intermuscular bones have the middle portion

non-ossified. The lateral process of the second vertebra is short and thick.

Neural process of some anterior vertebrae is not so broad as in the preceding

species. The haemal arch of the first caudal vertebra makes a right angle with

the epihaemal spine. From the lower end of the epihaemal spine a pair of

short free processes is produced downward and forward in some caudal veiiebrae.

Free jDarapophyses from the lower end of the epihaemal process are short, and

are but a little separated fi'om each other.

Tliis species seems to bj more abimdaut than the j^recechng species. In

distiibution nearly the same as the latter. Known from South-Manchuria as

well. Caught in pound-nets, set-nets, drift nets, rods and lines, etc.

Grows to a weight of ca. C40 g, the smallest species in the Plecostei.

Very poor food-fish, consumed fi"esh or salted.

Auxis tapeinosoma of Bleeker seems at first sight to be identical with this

species, but not exactly, as the dorsal finlets of the former ai'e charactei-ised

as 9 in number.
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Explanation of Plates.

PLATE XIU.

Fig. 1. Scomber japoniciis. Skin, hypaxial lateral muscle, and a part of the caudal portion

removed, showing the vascular system, viscera, intermuscular tendons, etc.

Fig. 2. Attxis maru. Skin, pale coloured portion of the hypaxial lateral muscle removed,

together with an external part of the dark red portion removed between the 13th to 18lh

vertebra. In the cross-sections of the lateral muscule, both epaxial and hypaxial of the dark

red portion are represented. Two small cones of muscles round a respective tendon, axial and

cutaneous (lower canal is not represented) vascular systems are shown.

PLATE SIV.

Fig. 3. Tliunmis m-ient'tlis. Skin, anterior portion of the hypaxial lateral muscle, and a

part of giUs and gill-cover have betn removed, exposing ihe cutaneous vascular system and the

viscera.

Fig. 4. Parathunn\is mebacld. Skin, hypaxial lateral muscle, most part of viscera, and the

caudal peduncle removed, to show the vertebral vascular system, cutaneous vascular system,

intermuscular tendons, etc.

PLATE XV.

Fig. 5. Katsuwonus pelamls. Skin, and hypaxial lateral muscle removed, to show the

vertebral and the hypaxial cutaneous vascular system, viscera, etc.

Fig. 6. Oyhium niphonium. Greater part of the muscle removed at the anterior part, leav-

ing the intermuscular bones, the membrane connecting them, intermuscular tendons, median

proximal portion of myooommata, and segmental blood vessels.

PLATE XVI.

Middle transverse section of vertebrae. The dotted line in the figures separates the caudal

vertebrae from the precaudal, and the numeral in a smaller type is the number of a vertebra

from the anterior end.

Fig. 7. Scomber japonictts.

Fig. 8. Grawmatorrynus lilimtihis.

Fig. 9. Cylhtm nijAonium.

Fig. 10. AcantlioryUum süandri

Fig. 11. Sarda orierdttlis.

Fig. 12. Gymnosarda nuda.

Fig. 13. JS'eothunnus macropterus.

F'ig. 14. Kalsutconus pelamis.

Fig. 15. Atixis maru.
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PLATE XVn.

Cross-sections o£ the latt-rnl muscles nnd the dorsal and Tentiol oaruuiles (oue half moiety),

sboning tbe relation between the dnrk coloured portion and blood-Tesaels, and also the number

of myotomes.

Fig. 16. Scom'ier japonimis.

Fig. 17. Sarda orierUalis.

Fig. 18. Xeothunnus macropterus.

Fig. IS). Katsujwnus pelamis.

PLATE XVIII.

C'utftneous blood vessels nnd minute blood vessels connected with them in tbe dorsal part

of the büdy (demidiogramatic).

Fig. 20. Thunnux germo.

Fig. 21. Thunnus oriental^.

Fig. 22. Parathumms mebic/ti.

Fig. 23. X'eothunnits mnctvpterus.

Fig. 21. Keothunnvs rams.

Fig. 25. Knistitronus pelamU.

Fig. 26. Euthynnus yaito.

Fig. 27. Auxii mnru.

PLATE XIX.

Scomber japonicus.

Fig. 28. Variety " hirnsnba."

Fig. 29. Variety " gomasaba " or " marusaba " (immature).

Fig. 30. Skeleton, a. dorsal sur&oe o£ the skull, b. Ventral surface of the skull c. Ventral

view of the anterior preoaudal vertebrae to the first vertebra with the haemal arch closed, d.

Dorsal view of the vertebrae of the caudal peduncle.

PLATE XX.

Fig. 31. Acamthocyhium solandri. '

Fig. 32. Oyhium niphonium.

Fig. 33. Snrda orientcUis.

PLATE XXI.

Fig. 34. Oybivm rhinense.

Fig. 3.5. Cybimn koreanum. a. \'entral view of the skull, b. Dorsal view of the skull, c.

Side view of the skull.

PLATE XXTT.

Fig. 36. OyUum commersoii.

Fig. 37. Gymnosarda mida.



470 KAM.iKICHI KISHINOUYE

:

Fig. 38. Skeleton of O-ymnosanla muln. a. Dorsal view of the skiill. h. Vfntml view of the

skull, c. Ventral view of anterior preciuiJnl vertebrae to the first vertebra in which the hnemal

arch is closed, d. Dorsal view of the vertebrae of the caudal peduncle.

PL.\TE xxni.

Fig. 39. Skeleton of Acmühocylnwn solandri. a. Dorsal view of the skull, h. Vi-ntral view

of the skull, c. Ventral view of anterior precaudal vertebrae to the first vertebra with the closed

haemal arch. d. Dorsal view of the vertebrae of the caudal peduncle.

Fig. i'). Skeleton of Oyhium c7dnmne. a. Dorsal view of the skull, h. Ventral view of the

.skull with following vertebrae, c. Dorsal view of vertebrae of t'le caudal peduncle.

PLATE XXTV.

Fig. 41. Skeleton of Oyhium niphonium. a. Dorsal view of the skuil. h. Ventral view of

the skull and precaudal vertebrae, c. Dorsal view of vertebrae of the caudal peduncle.

Fig. 42. Skeleton of S irda orientijlis. <i. D irsal view of the skull, /i. Ventral \-iew of the skull.

c. Ventral view of .anterior jirecaudal vertebrae, d. Dorsal view" of vertebrae of the caudal peduncle.

PLATE XXV.

Fig. 43. Thwmus orlental'is. Immature specimen, about six months old.

Fig. 4:4. Skelton of the above.

PLATE XXVI.

Fig. 45. Niotlmnmis maci-opterus. (Immature).

Fig. 46. 2'Aim«iis germo.

PLATE XXVn.

Fig. 47. Pamtliumms ine'inchl (Immature).

Fig. 48. Keothunmis rams.

PLATE XXVni.

Fig. 49. Skull and vertebral cD'.umn of Paruthtmnus mchac/d,.

Fig. 50. Skull and vertebral column of Thwmus orientaVui.

a. Dorsal view of the skull, b. Ventral view of the skull, c. Ventr:il view of the

anterior vertebrae till the fir.st haemal arch is closed. -Anterior Zygapophyses

of the second vertebra are represented in Th. orktilnlli only. d. Dorsal view

of the caudal vertebrae. {Th. orkiUalis, ventral view?)

PL.ATE XXIX.

Fig. 51. Skull and vertebral column of Xeothmiynts mairoptoiis..

Fig. 52. Skull and vertibral cohimn of Thunnus gcrmo.
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1

(I. h, r. il. 'ITie snmc as in tlie preceding plivte.

PLATE XXX.

Fig. .53. Ki.tstiwonus pdamU.

Fig. hi. E^tlhynnux ynUo.

Fig. br, AiaU hira.

lig. 5(>. Anxls mam.

PliATE XXXI.

rL.VTE XXXII

Fig. ."ST. Skn.ll and vertebral col imu of 7ü((.v iif onu.v peUimis.

Fig. 58. Skull and verlebral eolumn of Euth/nmi.s yaiio.

<». Dorsal view of the skull, h. Ventral view of the skull, c. Ventral view of the auterior

verttbrae, till the first haemal nnh is closed, d. Dorsal view of the caudal vertebrae.

e. f. g. Three stn'^cs of haemal ] rocusses till they unite to form the haemal canal in

precaudal vertebrae.

PL.VTE xxxni.

Eig. 5!). Skull and vertebral eolnmu of Auxis hira.

Fig. 60. Skull and vertebral column of Amis maru.

a. Dorsal view of the skull. l>. Ventral view of the skull. <•. Ventral view of the vertebral

column to the lirsl caudal vertebr.i. in which the haemal arch is closed d. Dorsal view

of the caudal vertebrae in which the lateral process or ridge is more or less developed,

e, /, g. Three stages of the development of the haemal processes in the precaudal

verttibrae. In the last stage the epihaemal process is remarkably developed.

PL.VIE XXXIV.

Fig. Gl. Cybhtm gvtlalum.

Fig. 62. Grammalorrymis bU'meatiis.

Kg. 63. liiistreUvier cltrysozonu.i.

Fig. 64. Skull and vertebral column of Xeotlmnnus rmv.v.

o. Dorsal view of the skull, h. \'entral of the skull, c. Ventral \-iew of the anterior

vertebrae till the first haemal arch is closed. <1. Dorsal view of the caudal vertibrae.
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Abnko 4-11.

Aosawara 418-

Binchoh 434.

Binnaga 434.

Bintsuke 448.

Chiboh 4G3.

Daiuanpo 463.

Darumashibi 442.

Gesnnaga 446,

Gomasaba 405.

Gotosbibi 437.

Gurubun 406.

Hagatsuwo 424.

Hasawaia 418.

Hashibi 446, 448.

Hatsu 446.

Hiragatsiiwo 457, 462.

Hiramedika 4G2.

Hirasaba 404.

Hirasawara 420.

Hirashibi 442.

Hirasobda 462.

Hirenaga 446.

Hoteisawara 418.

Hohzan 424.

Imosbibi 441.

Inusawara 418.

Isomaguro 426.

Itosbibi 446.

Kahpah 419.

Kfildnotane 441.

Kamasusawara 411.

Kantaro 434.

Katsuwo 453.

Kihata 446.

Kimcdi 446.

Kinbire 446.

Kitsunegalsuwo 424.

Kiwaila 446.

Kosbinaga 448.

Kurosbibi 437.

Knsamochi 418.

Kusarab 413.

Magatsuwo 453, 463.

Mngiiro 437.

Index to the Vernacular Names.

Jlanba 4€3.

!Mandara 463.

ilandaragatsuwo 453.

ilarugatsuwo 463.

Marumedika 463.

JIarasaba 404.

Mebacbi 442.

Mebnto 442.

Medi 437.

Murehji 406.

Nodoguro 463.

Obosogatsuwo 457, 462.

Ohkamasu 411.

Okisawara 411, 418.

Eohsoku 463.

Saba 403.

PabagatsHVFo 424.

Sagoshi 421.

Sawara 411, 421.

Segatsuwo 457.

Seiyosbibi 448.

Shibuwa 462.

Shimagatsuwo 424.

Sbiroshibi 448.

Soma 462.

Subota 163.

Sujigalsuwo 424.

Suma 457, 462.

Tessahku 411.

Tobzan 424.

Tojinsawara 411.

Tokakin 426.

Tomboäbibi 438.

Tongari 418.

Totub 416.

Oke 418.

Uramawarigatsuwo 457.

Usbisawara 416, 418.

Dzuwa 463.

Watauabe 4:57.

Yaito 457.

Yaitopara 457.

Yaitosuma 457.

Yokoshimasawara 416-
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Index.

Ab.lominnl CAvily 'iö'.i-

AcaDtboi-ybium 410.

Acanlhooybium solnndri 411.

.\ir-blBililer 3öt.

Albaconi nlnloTiRii

Aliaphenoid 31t.

Aiml fiu 308.

AngvUnr 323.

.Arterial system 372.

Aiticulnr 323.

Auxis 4(V1.

Aiisis hirn 102.

Auxis maru H\3.

Ausis rochei 463.

Auxis tiipeinosoma 403.

Auxis (S('Omber) ihazanl 1<>3.

Bnsibranchials 328.

BasioccipitAl 31!).

Basispheuoid 317.

Branchial arches 323.

Branchiostegals 328, 364.

Caudal fin 30y.

Ceratobrunchials 331.

Ceratohyal 327.

Chiai 347.

Clavide 332.

Clavicular ligament 332.

Coeliacomesenteiio artery 378.

Colour 298.

Cutaneous vascular system 3G5.

Cybiidae 407.

Cybium 415.

Cybium commerson 4ir>.

Cybium guttatum 419.

Cybium koreanum 423.

Cybium niphonium 421.

Cybium chinense 418.

Iiaiboami 400.

Dentary 323.

Development 384.

Digestive system 356.

Distribution 390.

Dorsal fins 307.

Drift net 398.

Enemies 394.

Epibrancbials 331.

Epihncmal process S'lO.

Kpihyal 328.

J'.piolic 317.

Ethmoid 312.

Euthynnus 456.

Enthyiinus alklcrata 457.

Euthynnus lineatus 459.

Euihynnufl pelamis 453.

Euthynnus yaito 457.

Excccipital 318.

Eyes 303.

Fins 3X.

Fishery 394.

Food 383.

Form o£ the body 296.

Frontal 313.

Gall-bladder 363.

Gill-rakers 351.

Glossohyal 326.

Grammatorcynus 413.

Grammatorcynus bilineatus 413.

Growth 384.

Gymn'sarda 426.

(iymnos-irda nuda 42G.

Gymnosarda pelamis 453.

Habit 381.

Hand-line 397.

Head 301.

Heart 372.

Hook and line 396.

Hyoid arch 326.

Hyomandibular 321.

Hypercorncoid 333.

Hypoliranchials 330.

HyiJobynl 326.

Interhyal 328.

Intermuscular bones 311.

Interopercle 325.

luterspinous bones 343.

Intestine 360.

Jaw bones 323.

Eatsuwonidne 450.
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:

Knlsuwonus 452.

Katsnwonus pelamis 453.

Kidneys 379.

Kurocbiai 371. 377.

Lateral line 3^3.

Ligaments 35!).

Liver 361.

Locomotion 388.

Markings 298.

Maxillary 321).

Metlian superlicial lateral muscle 3

Mesopteryg5id 321.

Metapterygoid 322.

Mgration 389.

Mouth 302.

Muscular system 345.

Myotome 345.

Nasal 319.

Neotliuiinus 445.

ÜSejthurmus macropterus 446.

Neothunnus nirus 448.

Kervous system 351.

Olfactory orgm 353.

Opercle 323.

Opercular bines 323.

Opistbotic 319.

Orcynus schlegeli 437.

Oroynus sibi 442.

Orcynus Ihynnus 437.

OtoKth 352.

Parasites 394.

Parasphenoid 314.

Parasphenoidul chamber 315.

Parathunnns 442.

ParathuunuK iu..l)ac;hi 142.

I'aratine 321.

Parietal 31().

Pectoral fins 3:)6.

Pectoral girdle 331.

Pedicle 340.

Pelvic glr.Ue 331.

Peritoneum 354.

Plecostei 42K.

Postcla\-icli 333.

Posttem])oraI 331.

Pound net 393.

Prefrontal 312.

Premuxillary 32,).

Preopercle 325.

Preorbital .319.

Prootic 318.

Pteroti- 318.

Pterygoid 321.

Pyloric coeca 359.

Pyloric tubule 359.

Pyloni.s 358.

Quadrate 323.

Kastrelliger 406.

Eastrelliger chrysozonus 406.

Bed gland 356.

Kenal organ 379.

Eeproductive system 380.

Respiratory system 363.

Eibs 341.

Sarda 424.

Sarda orientalis 424.

Scales 305.

Scomber 103,

Scomber colias 403.

Scomber japonicus 403,

Scombridae 4',iO.

Seines 399.

Sense organs 351.

Size of the body 298.

Skin 305.

Skeleton 309.

Skull 310.

Snout 302.

Sphenotic 316,

Spleen 363.

Stomach 358.

Stylohyal 328.

SuboiJercle 325.

Subspinal vascular jilexus 377.

Supraclaviele 332,

Supraoccipital 315.

Symplectic 323.

Teeth 332.

Tendons 351.

'ITiunuidne 432.

Thuunus 433,
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'nmnntis germo i31.

Tbunmis orientaliü 137.

Tliynims nrtinis l.">7.

'rbyntius nllincorn US.

I'hynniiö oliesus US.

Tbynuus i>ncificiis 13i.

Thynnus sibi 4-15.

'ITiyimiis ihuTinini» 157.

Tongue 3")(!.

Troll line 397.

Tunny long line 397.

Ureters 379.

Urinary bln<1<ler 3S).

UroliyiU 3-2«.

N'lisrulnr system 3(i5.

Venous syalem 3f)7.

Vent rill ana 307.

Vertcbml column 33(!.

Vertebral iirterinl system 371.

Vertebral venous system 3f!7, 37.).

Visceral arterial system 37H.

Visceral venous system 307, 371.

Vomer 313.

PMighed March 30th, 1923.
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Dorsal aortn

Cardinnl vein
h

Scomber japonicus

Cutaneous blood-vessels

Auxis iivxru

Ilypaxiftl ti ndon nltiulu'il

to thu tail

^nrh^fll^^'<'f'^<'

Dorsal aorta Curdiuul vein

S- Kikkawa del.



PI. XIII.

'^ndon nttachcil to the sccoml vertebra

Tendon attached to the

Buprachivicle

HcjjiiUc vtiu Pyloric coecii
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|^°rsal
I

branches of cr

iVentral f
blood-vesi

Thunnus oricntaris

T'riiiary bladder

Dorsal branches of the cutaneous
blood-vessels

Transverse commissure of the
cutaneous bluod-vessels

Parathuhmis mehichi

Bectum
|

Generative organ Urinary

S. Kikkawa del.



PI. XIV.

Intermiiscnlnr bones

Kidney

Lateral vein

\

rhnryngcnl muscle
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Dorsal cutaneous
blood-vessels

Vns

Cnrdinnl vein

Cybium nijilKmiuni

S. Kikkawa del



PI. x\l.

• plexus

l'viTI'- .'^•«"l

"'^^t..

Vfutrul ciitnn^ous blüj<l-vessels

Uuiml portal vein



Jour. Coll. Agric. Vol. V/ll. No. 3. PI. XVI

8

1 3 1 5 7 1) 10 11 n, 15 17 IS 25 '27 'Hi

1 2 3 5 7 10 13 17 21 2t 27 29

1 3 5 7 11 15 23 31 33 40 41 42 47 48 49

1 .2 4 U 13 2H 3S 48 52 56 5'J GO IJ3

12 4 !) 1Ö 29 38 37 38 40 41 42

3 4 6 9 17 23 28 30 32 34 36

12!

2 3 4 6

13

12 3 4 6 8 . 14 22 29 31 32 31 36 38

1 2 4 5 6 7 8 10 10 24 28 30 32 3t 35 37 38

1 2 3 5 6 8 10 19 25 2S 30 33

w-
1 2 3 5 6 8 10 19 . 25 2S 30 33 31 33 36

Middle Ti-ansverse Section of Vertebrae,

7. Sromher jajionicxi.i {'ii + n). 8. 6V(unma<orci/nus 6üinea<«s (13 + 18).

10. AcrtTÜlMctjhium sulandri (33 + 31).

12. Oytmiosardn mtda (19 + 19).

14. KiUsttwoims pd'-tiius (20+21).

'.). Cyhluni niphonmm (22 + 28j.

11. Surila orietitalis (25 + 2U).

13. yenihnmvu.'i marroptenis (18 + 21).

15. Atixis inara (20 + 19).

A clotted line separates tha caudal vertebrae from the precaiidal, anil the nomerals iu a smaller type denote

the ordinal number c£ vertebrae, counted from the anterior end.
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Scomler jnponicus Sanla mieiüalis

Cross-scctious of the latcml inustlo .-uul the doreal ami

diU'k LX)l(iimH.l ^xjrtiou and blixK



PI. XVII.

Neothunnns Ttiacropterus Katsfuwoims pclamis

tall cmiuiilos (one half moiety), showing the relation bolweeu the

sscils, and also the number of mj'otomoes.
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Neolhunnns rarus. Katsuwmus pelamis.

Cutaneous blood-vessels (expaxial) and vascular plexus connected with them. I\I li^iiifiiid.
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PI. XIX.

COo

A
V •'!

t^-"«

s

S. Kikkawa del.
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Cyhmrii niphonhan

33

S. Kikkawa del-



PI. XX.

Acaniltocijhium sdandri |

Sarda orknlalis |
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w

S. Kikkawa del.



PL XXI.

Oijhiura cMnense

^»

Ci/hium koreanuni i^
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•^^Ka''"'^ -/ ^C-

S. Kikkawa del.



PI. XXII.

Cybium comntßrson ^

€'^^^SSKti;

Gyiauosarda nuda J
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^-ä..^

39

S. Kikkawa del



PI. XXIII.

Aconfhof.ijhium sdandri

C'jhium chinense
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I I

tn

I-

CD
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H.
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^^
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5 i

a g

S. Kikkawa del.
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45
</

S- Kikkawa del. Ntf



PI. XXVI

Nedlhunmm macrc^cnis ^
(immature)

X

\
\

^M^Mi^fiHtiM*'

Thwinns (jcrmo | X
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PI. XXVII.

rundliunnus mchruln ^

(iiumatiu'ej

Neothnnm rai-m ^
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49

S. Kikkawa del. Ö0 a 50 A



PI. XXVIII.

:J^ « « « « <:

\\

Paral/iunnus mebacld ^ d

/ y y

Thmmusorlcntalis |

"ZJS-

tl

49 a

f^^

49 i

>
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iaci'02)tcrits

52

PI. XXIX.

d

w

Tliunnvs gerrno d
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S. Kikkawa del.
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*H

en
HE
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PI. XXXIII.

S. Kikkawa del.



Jour. Coll. Agric. Vol. l/lll. No. 3.

^^m<-

Greiiiiinalurciinus biUneutuä

" UV



PI. XXXIV.

~x

Cylnuin <jiiUalvm ~^j

A

^ Raifdiiijer chvijHor.omts i^

iwmus rarm


